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ABSTRACT 


to  establish  a°„d 

gram  was  conducted  in  two  phases  In  the  study  Ph.L  Ihc  pro" 

controi  and  the  sereens  established  by  theTudy  Phas'e  wa/v aS“‘  °‘  Pr°t'eSS 
optimum  setUofSquaHffcatio^procedures  for  'ed  '°  ‘he  CS‘“W‘^™‘  of  an 

rto?,edst  t ^vrr 

a,o  complied  on  vended  *“  *“ 

by  part^n^iot/eveii  from^he^anl^'soure^ove^brie'^per'iods^^This^i's1')  var*a*>*e 

r*0™- 

minimized  by  exposing  each  hvhriH  ♦  n.  «.  f  these  vai  iable«  can  be  greatly 

quent  sampling  for  Quality  ConformanceTnsp^Uon  P  SCreening  a"d  Subse~ 

itself,  was  shown  to  be  not  completely  effect  n  V  f  ScreeninS>  by 

To  assess  the  quality  of  each  hybrid  lnt  exc  uding  faulty  and  marginal  units, 

ance  Inspection.  ’  Samp  e  must  be  Pulled  for  Quality  Conform- 

It  is  recommended  that  additional  studies  and  testing  be  funded  to: 

A*  ch8iDh^.Hand  VeHfy  qUaUficati0n  Procedures  for  beam  lead  and  flip 
Chtp  hybrid  mtcroctrcuits,  and  for  complex  hybrids  in  inrger  paolages. 

chiyTndcroclrcuits!  he™°tiC  03865  f°r  PaCk°ging  bcam  teaded  »»d  Hip- 


ill 


M1U  -Ulll.J 
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EVALUATION 


The  objective  of  this  effort  was  to  establish  optimum  procedures  for 
assuring  standard  levels  of  quality  and  reliability  for  hybrid  micro- 
circuits.  These  new  procedures  were  to  provide,  with  a  high  degree 
of  confidence,  the  specified  classes  of  quality  and  reliability  per 
MIL  Standard  883  Method  5004.  Wherever  possible,  maximum  standardi¬ 
zation  through  the  use  of  the  silicon  monolithic  microcircuit  methods  and 
procedures  was  to  be  attempted,  with  successive  higher  levels  of  quality 
and  reliability  being  accomplished  through  more  rigorous  control  and 
increased  screening.  Basically,  the  contractual  requirements  were  to 
provide  detailed  procedures  for  vendor  and  device  qualification,  lot 
quality  conformance  and  device  screening,  and  also  to  associate  with 
each,  the  cost  ae  a  function  of  the  quality  level. 

The  program  was  performed  in  two  parts:  a  study  phase. to  establish  the 
most  effective  and  nondestructive  series  of  screening  procedures  deter¬ 
mined  by  a  step  stress  testing  program  on  three  device  types;  and  - 
verification  phase  designed  to  evaluate  the  effectiveness  of  the  developed 
procedures.  During  the  study  phase,  a  survey  of  the  industry  was  completed 
that  determined  the  types  of  hybrids  in  use  today  and  those  envisioned 
for  the  near  future.  Also,  a  comprehensive  analysis  of  the  data  accumu¬ 
lated  from  the  previous  testing  of  125,000  hybrid  microcircuits  was 
completed. 

All  of  the  screens  of  Method  5004  of  MIL-STD-883  and  several  others 
were  evaluated  to  optimize  methods  and  procedures.  The  results  of 
these  evaluations  were  useful  as  a  whole,  but  in  the  following  areas, 
the  findings  were  significant. 

Hermeticity  -  Data  received  from  the  weight  change  technique  of  gross 
leak  detection  was  instrumental  in  deciding  to  include  this  procedure 
in  Method  1014.1  Seal  of  MIL-STD-883.  - 

Bond  Strength  (Attached  Chips]  Test  results  indicate  that  a  shear  stress 
test,  on  attached  chip  components,  is  required  on  a  sampling  basis. 

Centrifuge  -  It  was  shown  that  force  in  the  Y,  direction  can  push  the 
flying  lead  wires  toward  the  sifcstrate  causing  potential  shorts.  This 
is  true  for  hybrids  because  the  internal  wire  leads  are  usually  longer 
and  tend  to  lie  closer  to  the  edges  of  chip  devices  than  in  integrated 
circuits.  Therefore,  centrifuge  in  the  Y2  direction  is  not  recommended 
as  a  100  percent  screen  test. 
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— -e--se  Bias  Burn- In  -  Due  to  the  extensive  handling  of  semiconductor 
chips  prior  to,  and  during,  circuit  fabrication,  the  possibility  of  surface 
contamination  is  greatly  increased.  It  was  concluded  that  a  reverse  bias 
bum-in  should  be  required  when  a  circuit  design  readily  allows  the  reverse 
biasing  of  a  significant  number  of  chips. 

This  completed  hybrid  effort  is  part  of  the  RADC/RCRM  microcircuit  oflalitv 

a^u£ance  s^dies  which  are  designed  to  provide  the  required 
reliability  for  all  forms  of  microcircuits  the  Air  Force  uses.  However 
additional  work  is  still  required  to  define  the  bonding  and  screening  ' 
procedures  appiicabie  to  attached  active  and  passive  chip  components  for 
^°'.rework  ™  hybrids  presents  a  different  problem  than  rework 
integrated  circuits,  because  they  are  usually  more  expensive  and  fabricated 
in  smaller  quantities.  These  circuits,  in  most  cases,  contain  various  tvpes 
o  components  which  have  to  be  mounted  and  interconnected  to  complete  the 
circuit  function  which  complicates  the  fabrication  of  the  devices.  As  a 
wsult,  rework  is  desirable  from  a  practical  and  an  economic  point  of  view. 

°re*  l}  raust.be  decided  when  rework  is  allowable,  what  are  acceptable 
limits  and  what  criteria  are  necessary  for  control. 


e  overall  results  of  this  effort  have  been  extremely  useful  to  RCRM 
in  revising  MIL-STD-883,  Test  Methods  and  Procedures  for  Microcircuits. 
TTie  contractor  s  overall  performance  was  excellent  and  the  program's 
objectives  were  satisfactorily  completed. 
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SECTION  I 


INTRODUCTION 


1,1  program  OBJECTIVES 

to  establish  Md  '■eacbod  in  a  program 

tract  F30602-69-C-0190,  issued  by  .he  R„me  AiSS^^  C- 

-  a  **  ~ 

The  nature  of  these  systems  is  such  that  f  hybnd  micr°circuit  techniques 

guards  must  be  established  to  assl  main  enanT'."8  T  "ybl'ld  «'««“■.  ^e- 
reliability.  Procedures  for  handling  microelecTron  T  levels  °f  qualil>’  and 
established  in  MIL-STD-883  TesuLthrrff J D  ^  had  previously  been 
and  in  Notices  1  and  2.  The^  procedures  h  Pr°Cedures  for  Microelectronics, 
emphasis  on  silicon  monolithic  circuits  This"^61^  Wer6  deveIoped  with  principal 

with  hybrid  microcircuits— establishing  and  veHf °Sram-  conversely,  was  concerned 
procedures  for  assessing  the  basic  capability  of  vend  ^  °ptimum  Set  of  qualification 
cuits  at  specified  levels  of  quality  and  ^habflitv^  T T-  Pr°duCe  hybrid  ^icrocir- 
additional  information  necessary  to  incorporated vh^01"8  thlS’  ^  program  yielded 
procedures  of  MIL-STD-883.  ^  *  hybrid  microcircuit  testing  into  the 

The  overall  program  had  two  main  phases; 

’•  -irdja:dr;erTe:^h.:“niquawicfiM  «• ^  *« 

hybrid  microcircuits.  ,  CSS  tests  was  performed  on  three 

2.  The  Verification  Phase,  in  which  the  effectiveness  of  the 

and  screen,  estab.ished  by  the  study  and  eva, nation pht^ ’,S 


For  purposes  °f  this  investigation,  the  fo.iowing  de,,„ilio„ 


was  adopted; 


of  a  hybrid  microcircuit 


are  a  combination^ "of 'IVfita^TrcuT'ypl  rnd^h'1"®  e'eme"ts  whlch 
or  a  combination  of  one  or  both  types  with  ^ 
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1.2  GENERAL  APPROACH 


The  general  approach  to  the  goals  of  the  program  was  to: 

•  Review  the  effectiveness  of  existing  specifications  already  in  use, 

•  Perform  additional  tests  to  determine  the  capabilities  of  hybrid  micro- 
circuits  which  were  in  production, 

•  Perform  verification  and  demonstration  tests  on  a  significant  number  of 
hybrids  to  validate  the  qualification  procedures. 

1.  3  ORGANIZATION  OF  REPORT 

This  report  is  presented  in  two  general  parts.  Th<*first  part  is  a  general  discus¬ 
sion  of  the  overall  program,  and  includes  data  summar izations  and  pertinent  findings. 
The  organization  is  such  that  major  program  phases  are  covered  within  major  sub¬ 
sections.  Among  the  major  topics  covered  are  "types  of  hybrids  in  use"  (Paragraph 

2.  2),  "experience  with  hybrids  on  production  volume  programs"  (Paragraph  2.3), 
"stepped  stress  testing  of  hybrids"  (Paragraph  2.  4). . .  "screening  results  to  obtain 
Class  C,  B,  and  A  hybrids"  (Paragraph  3.  4)..,  and  "overall  conclusions"  (Section  IV). 

The  second  part  is  appendixes  containing  procurement  documents  used  in  the  study, 
and  detailed  information  and  test  results,  in  support  of  the  findings  discussed  and  the 
conclusions  set  forth  in  the  report’s  main  body. 


SECTION  II 


STUDY  PHASE 


2.  1  GENERAL 


The  objectives  of  the  study  phase  were  to: 

•  Study,  evaluate,  and  summarize  existing  data  on  hybrid  microcircuits, 

•  Perform  a  series  of  tests  to  determine  the  effectiveness  of  specific 
environmental  and  mechanical  tests  in  evaluating  hybrid  microcircuits. 

Existing  data  were  reviewed  to  determine  the  effectiveness  of  screens  in  identify¬ 
ing  reliable  hybrid  microcircuits.  Environmental  and  mechanical  tests  were  per¬ 
formed,  as  a  series  of  stepped  stress  tests,  to  establish  what  stress  levels  the  hybrids 
could  withstand,  and  to  determine  new  and  better  ways  of  qualifying  hybrids. 

2.  2  HYBRID  TYPES  AND  APPLICABLE  TESTING 

2.  2.  1  HYBRID  VARIABLES 

A  survey  was  performed  of  the  industry  to  determine  the  types  of  hybrids  cur¬ 
rently  being  manufactured  and  the  types  envisioned  for  the  near  future.  This  was 
accomplished  through  a  literature  search  and  by  calling  on  company  experience  on 
recent  proposals  on  complex  hybrid  circuits  for  systems  of  the  future. 

In  surveying  the  types  of  hybrids,  reference  was  made  to  the  Survey  of  Manufac¬ 
turers  of  Film  Circuitry,  prepared  by  The  Boeing  Company  of  Seattle,  Wash.  *  This 
effort  resulted  in  definition  of  eight  general  variables  in  the  makeup  of  a  hybrid  micro- 
circuit.  These  eight  variables,  which  affect  the  maximum  levels  of  stress  testing  that 
can  be  applied  to  hybrid  microcircuits  without  causing  damage,  are  listed  in  Table  I. 

The  variables  in  Table  I,  which  in  various  combinations  constitute  the  different 
types  of  hybrid  microcircuits,  should  be  carefully  reviewed  before  selecting  test 
levels  according  to  the  procedures  of  MIL-STD-883.  Besides  the  tests  described  in 
MIL-STD-883,  specific  test  requirements  may  have  to  be  imposed  for  unique  hybrid 
applications.  In  such  cases,  a  good  general  rule  is  to  specify  electrical  tests  which 
will  confirm  that  each  hybrid  pin  is  functioning  as  Intended.  Such  tests  would  be  per¬ 
formed  with  specific  input,  output,  and  power  supply  voltage  and  current  limits  at 
specified  temperatures. 


"■Survey  of  Manufacturers  of  Film  Circuitry.  3  Reports  dated  Apr.  '67,  Nov.  '67, 
and  June  '68.  Submitted  by  The  Boeing  Contract  N00163-67-C-0040. 
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general 

VARIABLES 

. miviuuuuUU  iVXUKeUP 

SUBV  ABLATIONS 

Electrical 

Properties 

•  Digital 

•  Linear 

•  Power  Dissipation 

•  Combination  (or  special) 

Semiconductor 

Components 

- - — . — 

•  transistors 

•  Diodes 

•  Zener  Diodes: 

—  Regulator 

-  Precision  Reference 

-  Low  Voltage  (Alloy  Devices  with  Less  Than  r>.  5  V) 

•  Monolithic  Integrated  Circuits 

Interconnections 
Between  Active 
Devices 

•  Chip  and  Wire-  - - 

—  Au  Wire 

—  A1  Wire 

•  Flip-Chip  or  Face  Bonded  Chips 

•  Beam  Lead 

•  LID  or  Channel 

•  Hermetic  Package  Discrete  Semiconductors 

.  Nonhermetic  Package  Discrete  Semiconductors 
(Plastic  Devices) 

Package  and 
Substrate 

•  Package  Whose  Bottom  is  also  the  Substrate  (Special 
Bottom  for  Each  Hybrid  Circuit  Type) 

•  Ceramic  Substrate  Fastened  to  Package  Bottom: 

—  Alloyed  to  Bottom 

—  Solder  Glass  or  Glass  Frit 

-  Epoxyed  to  Bottom 
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Table  I  (Sheet  2  of  2).  Identified  Variables  in  Hybrid  Microcircuit  Makeup 


GENERAL 

VARIABLES 

SUBVARIATIONS 

Package  and 

• 

Various  Sizes  of  Package  (1/4"  x  1/8",  Up  Through 

Substrate 

2"  x  2") 

(Continued) 

• 

Various  Package  Materials; 

—  Metal 

—  Glass 

—  Ceramic 

—  Plastic  or  Epoxy 

• 

Hermetic  or  Nonhermetically  Sealed 

Conductors 

• 

Thick-Film 

on  Substrate 

r .  . 

• 

Thin-Film 

• 

Thin-Film  on  Substrate 

• 

Thick-Film  on  Substrate 

• 

Diffused  Silie  ,n  Chips 

Thick-F ilm  Chips 

Resistors 

• 

Thin-Film  Chips 

—  Single  Chip  (All  Resistors  on  One  Common 

Substrate  Chip) 

—  Multi-Chip  (One  Resistor  per  Chip) 

• 

Ceramic  Chip 

• 

Tantalum  Thin-Film 

Capacitors 

MOS 

• 

• 

Small  Discrete 

Inductors 

— 

Individual  conditions  may  require  dc,  ac,  or  pulsed  dc  excitation.  In  high  power 
dissipation  hybrids,  the  pulse  width  and  duty  cycle  of  pulsed  dc  tests  become  important 
factors  where  the  hybrid  is  actually  to  be  used  under  dc  conditions.  Checkout  of  a 
high  power  hybrid  with  a  narrow-pulse-width,  automatic,  integrated  circuit  tester, at  a 
specific  temperature, may  not  assure  that  the  hybrid  will  function  in  the  actual  applica¬ 
tion,  because  the  junctions  will  not  stabilize  at  the  operating  temperature  the  hybrid 
will  experience.  Electrical  tests,  over  and  above  the  functional  tests,  may  have  to  be 
added  to  establish  the  quality  of  semiconductor  junctions  and  passive  circuit  components. 
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CPS.  however,  a  “^“ChZ^tSr  “  ™ 

Intei  connection  between  active  devicPG  ig  onnHior  • 

The  low  mnsG  nf  i  ^ .  .  ,dcuve  aevices  1S  another  important  area  to  consider 

relatively  ineffective  at  le^ls^low  100  ^00  f°r  Weak  bonds 

vszss  ~f  -F  -*■“ 

SiS=HSS'~^~ 

^-=;=~==H=r 

expansion- versus-expansion  coefficient  of  the  substrate  on  which  they  are  mounted. 


CONCLUSIONS  ON  SELECTION  OF  STRESS  LEVELS 


^  determining  the  electrical,  mechanical,  and  environmental  stress  levels  aooli 
cab  e  °  a  hybrid  microcircuit,  certaih  variable  inhere,  in  the  makeup  of  eeh  aeci 
c  hybi  Id  cil  cuit  must  be  considered,  as  well  as  the  ultimate  application  of  the  device 
eie  is,  however,  no  general  procedure  applicable  to  all  hybrid  microcircuits  be- 

*  -  *- — -  - 

ye.  enoiigh  ^eeteete  any^tenTfaihjre  mechan^nw1  ^LVaTTt^  >f**‘ 
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2-  3  VOLUME  production  experience  with  hybrids 
2.  3.  1  HYBRID  CIRCUIT  DESCRIPTION 

Delco  Electronics  Division  tested  approximately  125,  000  hybrid  microcircuits 
from  eight  different  manufacturers  during  1967,  1968,  and  the  first  8  months  of  1969. 
Detailed  results  of  this  testing  are  presented  in  this  section.  The  subject  hybrids  were 
* C,*  Vel/,  SUnpl.e  circu*ts>  fabricated  by  the  chip  and  wire  approach,  and  packaged  in 
1/4  x  1/8”,  1/4"  X  1/4”,  and  1/4"  x  3/8",  hermetically  sealed  flatpackages  The 
circuits  involved  were  diode  arrays,  ladder  switches,  core  memory  switches  ampli¬ 
fiers,  analog  gates,  and  a  dual  JK  flip-flop. 

Figures  1  through  5  show  some  of  the  hybrid  circuits  used  in  gathering  data. 

Figure  1  shows  the  schematic  of  a  16-diode  array  and  the  actual  package  of  14  chips 
A  ladder  switch  is  shown  in  Figure  2  as  two  PNP  transistor  chips,  an  NPN  transistor 
chip,  and  five  thin-film  nichrome  resistors  on  a  silicon  chip.  In  Figure  3,  two  diode 
chips  are  combined  with  two  NPN  transistor  chips,  two  PNP  transistor  chips,  and  four 
thin-film  nichrome  resistors  on  a  silicon  chip  to  form  a  memory  switch  The  same 
circuit,  with  thick-film  resistors  instead  of  thin-film,  is  shown  in  Figure  4  The  dual 
analog  gate  in  Figure  5  consists  of  six  FET  chips,  two  NPN  transistor  chips,  two  PNP 
transistor  chips,  two  diode  chips,  and  two  thick-film  resistors  in  a  1/4"  x  3/8"  flat 
package.  While  the  circuits  shown  do  not  include  all  the  types  evaluated,  they  are  ty¬ 
pical  examples  of  the  hybrids  evaluated.  3  y 


a.  Schematic 


b.  1/4"  x  1/4"  Flatpack  (Note  the 
Unacceptable  Crossover  of 
Internal  Conductors. ) 


Figure  1.  Sixteen-Diode  Array  from  Manufacturer  D 
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a.  Schematic 

b-  V4"  x  3/8"  Flatpack 

t-igmc  Memory  Hybrid  Switch  from  Manufacturer  D 


Figure  4.  Memory  Hybrid  Switch  from  Manufacturer  A 


b.  1/4"  x  3/8"  Flatpack 


a.  Schematic 


Figure  5.  Dual  Analog  Gate  from  Manufacturer  E 
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All  of  the  hybrid  microcircuit  test  results  covered  in  this  section  apply  to  hermeti¬ 
cally  scaled  tlatpackages.  The  internal  interconnects  between  active  devices  consist 
°i  * b'big  wire  leads  made  of  either  0.  7-mil  or  1.  0-mil  gold  wire,  with  a  thermocom¬ 
pression  gold  ball  bond  on  ore  end  and  a  wedge  bond  on  the  other.  The  transistor, 
diode,  and  resistor  chips  had  thin-film  aluminum  metalization,  while  the  substrates 
used  thick-tilm,  gold  interconnects.  Chips  were  alloyed  down  to  the  substrate,  and 
the  packages  were  hermetically  sealed  with  a  gold  plated  kovar  lid,  soldered  to  a  gold 
plated  seal  ring.  The  lead  frames  were  gold  plated  kovar. 

Manufacturers  A  and  E  used  a  ceramic  substrate,  which  was  alloyed  to  the  pack¬ 
age  bottom.  Manufacturers  B  and  D  used  a  package  whose  bottom  served  also  as  the 
substrate.  * 

2.  3.  2  SUPPLIER  PR  ESDI  PM  ENT  REQUIREMENTS 

All  of  the  data  presented  was  obtained  during  receiving-inspection,  extended 
pci  foi  ounce  testing(  a  Delco  Electronics  in-house  prog'ram  of  sample  environmental 
testing  u hich  is  discussed  later),  and  failure  analysis  of  parts  procured  from  hybrid 
microcircuit  suppliers  to  Delco  Electronics  high  reliability  specifications.  The  parts 
were  purchased  from  approved  suppliers  on  a  competitive  bid  basis.  The  hybrid  spec¬ 
ifications  accompanying  each  purchase  were  embodied  in  Specification  Control  Drawings 
(SCD’s)  which  gave  flatpackage  dimensions  and  allowable  tolerances,  the  circuit  sche¬ 
matic  with  nominal  component  values,  a  table  of  absolute  maximum  ratings  for  current 
and  voltages  to  all  pins,  and  a  table  of  detailed  test  conditions. 


The  detailed  test  conditions  specified  the  voltage,  current  or  resistance,  and 
associated  tolerances,  to  be  applied  to  each  pin,  and  the  allowable  limits  on  the  meas¬ 
ured  parameter  for  each  temperature.  An  inspection  level  was  specified  for  each 
electrical  parameter;  that  is,  either  100  percent  inspection,  or  sample  inspection,  to 
test  to  as  a  minimum,  at  both  +25°C  anu  the  temperature  extremes  (-55°C,  +125°C). 
The  sample  inspection  was  given  as  an  LTPD**,  which  required  a  minimum  size  of 
sample  to  be  tested  to  assure,  with  a  90  percent  confidence,  that  a  lot  having  percent¬ 
age  defective  equal  to  the  specified  LTPD  w  ill  not  be  acceptable. 

'Ihe  inspection  levels  specified  were  100  percent  for  all  dc  parameters  at  +25°C, 
plus  100  pet  cent  for  all  critical  ac  values  and  switching  times  and  for  critical  param¬ 
eters  at  the  temperature  extremes.  All  other  electrical  tests  were  usually  specified 
to  be  tested  to  an  LTPD  of  10,  maximum  acceptance  number  of  3.  Also  specified  in 
the  SCD  was  the  maximum  allowable  thermal  resistance  of  the  flatpackage,  both  for 
junetion-to-case  and  junction-to-ambient  conditions. 


♦Codes  used  to  designate  manufacturers  are  carred  through  consistently  in  this 
report  to  enable  a  meaningful  comparison  of  results  presented  in  each  section. 

♦♦Lot  Tolerance  Percent  Defective-Reference  MIL-STD-883,  Method  T5005,  Table  in. 
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The  prescribed  tests  aad  test  levels  were  determined  by  a  Parts  Engineer  after 
he  became  familiar  with  each  hybrid  microcircuit  application.  He  then  specified  the 
electrical  parameters  in  such  a  manner  that  they  could  be  programmed  on  an  auto¬ 
matic  integrated  circuit  tester.  (See  Appendix  IA,  for  a  copy  of  a  typical  SCO. ) 

For  all  hybrid  circuits,  the  SCD  referenced  a  General  Specification  which  required 
the  supplier  to  do  additional  100  percent  preconditioning  of  all  hybrids.  T  his  precon¬ 
ditioning  is  shown  in  Figure  6,  which  depicts  a  supplier's  order  of  procedure.  This  100 
percent  screening  is  equivalent  to  the  Class  B  screening  of  Method  5004,  MIL-S'i  U-883. 
The  100  percent  preconditioning  begins  with  a  precap  internal-visual  inspection  of  each 
hybrid.  The  specific  conditions  were  negotiable  depending  on  the  hybrid  circuit  and  the 
supplier's  manufacturing  methods.  (The  precap  visual  specified  was  similar  to  the 
internal  visual  Method  2010,  MIL-STD-883,  Test  Methods  and  Procedures  for  M  »- 
electronics.)  The  next  100  percent  preconditioning  requirement  was  high  tempera!  re 
stabilization,  either  by  storing  at  +150°C  minimum  for  at  least  24  hours,  or  at  +20(l°C 
for  at  least  10  hours.  After  high  temperature  stabilization,  the  devices  were  subjected 
to  temperature  cycling  for  a  minimum  of  10  cycles  from  -65  to  +150°C  pet  MIL-STD- 
883,  Method  1010,  Condition  C. 

After  temperature  cycling,  the  parts  were  required  to  be  centrifuged  at  20,000  g 
minimum  for  1  minute  in  the  Yj  axis  to  tear  loose  faulty  internal  wire  bonds,  semicon¬ 
ductor  and  resistor  chips,  and  substrates.  In  some  cases,  it  was  also  required  to 
accelerate  parts  in  an  axis  perpendicular  to  Yt  (X  axis)  to  detect  lifted  chips  which 
have  marginal  electrical  continuity.  Imposition  of  this  requirement  depended  on  the 
particular  design  involved,  as  well  as  past  experience. 

On  completion  of  preconditioning,  the  packaged  hybrids  were  hermetic  seal  tested. 
Fine  leak  was  specified  per  MIL-STD-883,  Method  1014,  Test  Condition  A  or  B,  with 
a  leak  rate  limit  of  1  x  l(f8  atm-cc/s.  Gross  leak,  formerly  performed  per  MIL-STD- 
202,  Method  112,  Test  Condition  A  or  B  (involving  part  immersion  in  a  hot  fluid  and 
check  for  air  bubbles),  is  now  specified  per  MIL-STD-883,  Method  1014,  Test  Condi¬ 
tion  C,  Step  2,  specifying  fluorocarbon  vacuum/pressure  backfill  and  fluorocarbon 
bubble  testing.  The  superseded  MIL-STD-202  methods  were  found  to  be  inadequate  in 
detecting  all  gross  seal  failures.  The  MIL-STD-883  methods  proved  to  be  much  more 
effective.  When  questionable  results  were  obtained,  they  were  verified  by  a  weight/ 
backfill/weight  increase  test. 

After  seal  testing,  the  parts  were  tested  electrically  to  eliminate  failures  induced 
by  the  earlier  environmental  screens.  Then  they  were  subjected  to  an  operating  burn- 
in  at  +125°C  for  168  hours.  Operating  conditions  specified  on  the  SCD  were  eitner  for 
circuit  operation  at  maximum  allowable  power  dissipation  with  an  alternating  current- 
or  pulsed-input,  or  for  steady-state  operation  wherein  the  majority  of  semiconductor 
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Figure  6.  Supplier  Processing  Procedure,  Prior  to  Shipment 


junctions  were  reversed  biased  without  current  limiting.  Caution  was  to  be  exer¬ 
cised  under  conditions  of  no  current  limiting  to  avoid  voltage  transients  capable  of 
driving  devices  into  reverse  breakdown,  or  latching  up  circuits  and  inadvertently 
destroying  good  units. 

After  the  operating  burn-in,  the  supplier  was  required  to  perform  the  100  percent 
electrical  tests  specified  on  the  SCD,  and  then  the  sampling  inspection.  The  Gent  i  al 
Specification  also  required  all  the  parts  to  be  capable  of  meeting  the  Group  B  require¬ 
ments  of  Table  II.  (See  Appendix  IC  for  a  copy  of  the  General  Specification. ) 

2.  3.  3  EVALUATION  OF  DELIVERED  UNITS 


Upon  receipt  of  supplier  shipments  at  Delco  Electronics,  each  unit  involved  in  (he 
study  entered  the  in-plant  test  cycle  depicted  in  Figure  7.  Initial  tests  were  per  ied 
in  receiving-inspection;  these  results  are  summarized  in  Table  HI.  Hybrid  mien 
circuits  that  passed  Receiving  and  Inspection  were  then  exposed  to  Extended  Perform¬ 
ance  Testing  (  EPT)  in  the  laboratory  by  personnel  trained  and  experienced  in  the 
processing,  manufacture,  test,  and  evaluation  of  semiconductor  devices.  Table  IV 
summarizes  the  EPT  sampling  basis  and  the  overall  results  obtained.  As  shown  in 
Figure  7,  the  EPT  portion  involved  two  distinct  phases: 

1.  Environmental  cycling  of  samples,  interrupted  by  electrical  and  leak  tests 
and  terminated  by  a  final  electrical  test.  Results  are  shown  in  Table  V 


2.  Internal  visual  inspection  for  poor  workmanship,  presence  of  foreign 
particles,  critical  process  changes,  and  bond  pull  tests.  Results  are 
shown  in  Table  VI.  (See  Appendix  II  for  the  same  test  results,  organ¬ 
ized  by  the  circuit  type  and  manufacturer.) 


Units  found  to  be  acceptable  by  EPT  were  then  released  to  stock  for  use  in  oroduc 

hZ"dSsSem™e  VTfdSeqUehnt  “al  tGSting  °f  assemblifeS  revealed  occasional  faulty 
hybrids  1  able  VII  describes  hybrid  microcircuit  failures  that  have  undergone  the 

processing  tcs  mg,  and  screening  of  Figures  6  and  7,  but  later  failed  durfng  assem- 

bly  or  m  the  fieldi  The  74  units  discussed  constitute  all  of  the  failures  which  were 
subjected  to  detailed  Failure  Analysis. 


2.  3.  4  CONCLUSIONS  ON  PRODUCTION  TEST  RESULTS 

Pont  7hn  f SerVGd  on_a^rcraft  failure  rate  of  hybrid  microcircuits  subjected  to  this 
ro  led  processing  and  testing  through  November  1969  was  0.  465  failures  per 

T  n  Tvl  Tn8'  ™S  faUUre  ^  WhiGh  haS  a  90  Percent  confidence  interval  of  0  218 
The'  i  fft  ,pei’imilIion  hours’  Plains  to  hybrid  microcircuits  used  on  aircraft 

JhL  a  H  ii  f°iV  rr€  eXP°Sed  t0  mechanical  shock,  vibration,  temperature  cy-  ' 
cling,  and  all  of  the  other  environments  present  outside  of  the  pressurized  tempera¬ 
ture-controlled  cabin  of  the  vehicle.  ’  iemPera" 


IVIncry  ol 
Ily  bruts  m 
IHrKo  f  leitronus 


Hiilru.il  Inn 
IX  ,  AC ,  and  Smithing 
I  mm  on  <11  Hybriih 
Jl  *25  1 


sons: 

m 

(2) 


lx  Mnlntil  Inh 
<t  ♦  I  25  A  on  < 
Sample  of  I  jth 
Shipment 


(3) 

(4) 

(5) 


Pef  MILS  ID-883,  Method  1014,  Condition  C,  Slep  2 

Per  MIL-STD-883,  Method  1010,  Condition  C;  10  Cycle*, 

-65  to  150°C,  Transfer  Time  (  I  minute 

Pei  MIL  STD-883,  Method  1008,  Condition  C;  +  I50°C  for  48  hour* 
Per  MIL  STD-883,  Method  2001,  Condition  D;  20,000  g  in  Y,  Axis 


l. nm  Seal  lr,n 
on  <  Sampling  Mans. 
•  OB’!  Stret-n  if 
Sample  1  ails  the 
I  csls 
(Vile  I  | 


Per  MIL-STD-883,  Method  1014 
Pine:  Condition  A,  I  x  10-7  ttm  cc/j  (max) 

Oroa:  Condition  C,  Step  2:  Fluorocarbon  Gross 
Leak  With  Vacuum/Prcssure  Backfill  Before  Bubble  Test 

(6 >  Inspection  for  Poor  Workmanship,  Presence  of  Foreign  Particles, 
and  Critical  Process  Changes 
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Figure  7.  Production  Test  Procedure  After  Delivery 
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Table  III.  Receiving  and  Inspection  Testing  of 

Incoming  Hybrids 


uble  V.  KPT  Postelectrical  and  Hermetic  Seal  Test  Failures 
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Table  VI.  Units  Visually  Rejected  After  Passing 
EPT  Postelectrical  and  Seal  Tests 
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Table  VII.  Summary  of  Subsequent  Assembly  and  Field 
Failures  Attributed  to  Hybrid  Microcircuits 


Ammo 

ARfA 

h  All  l  Kf  MHHAMSM 

NO.  Of 
f  AlLIKCS 

Ml  ANSOf  LLIMINAIIM.  PROBLfM 

U*ad>  Shorting  lo  1  d^.v  of 
(hip 

17 

Vlore  Stnngent  Design  Review  and  Pte 
cap  Internal  Visual  al  an  Anjde  to  Note 
Proximity  id  leads  lo  (hips  in  More 
than  One  Axis.  Better  Control  of  lead 
Bonding  System 

lead  Broke  Due  to  lenuon 
tauv.it  t>>  Varnish  Coating 
Over  Hups  ami  VSjics. 

7 

Himinate  Varnish  PavuvatMin 

liM Me  (add  Ball  Bond 

H 

Internal 

Winn}!! 

liMisr  (a »ld  Vs ifc  H<ind. 

1  Majority  of  Bomb  VVeak 
on  All  Oiipsl 

hur  Bond  Resistive. 

7 

4 

Improve  Control  of  Bonding  Equip¬ 
ment.  fVjsubty  Improve  Pre-cap  Internal 

Visual  Inspection.  (Failure  Mechanism 

Bang  Studied  Because  of  Lack  of  Def- 
initain  of  Cause. )  Perform  40.000  g  j 

Acceleration  in  Y  j  Axu  After  All 

Screening  Other  than  Hermetic  Seal 
leslir*.  Pull  Teat  Bondi  During 

Proceaaing  and  During  Lot  Qualifier 

inn  Testing.  j 

latose  Cltrasonic  Al  Bond 

i 

leads  touching  Metal  Lad. 
Causing  Short. 

t 

Improve  Contnd  of  Bonding  tquipmenl. 
Improve  Prc-cap  Visual  a  1  an  Vnjgi*  lo 

Nolc  Height  of  Leads  in  More  than  One 
Axis.  Improve  Design  of  Bonding 

System.  1 

Open  Vs  we  Due  to  Break  at 
Neckdown  of  Stitch  Bond. 

' 

Improve  Control  of  Bonding  Equipment, 
and  Improve  Pro  cap  Visual  Inspection. 

Subtotal 

48  =  65'* 

Oxide  Hass.  Causing  Short. 

5 

Increase  Burnt  n  lent  peri  lure  from 
♦25°1  to  ♦  1 25°l\  Apply  More  Stringent 
Internal  Visual  Pre cap  Inspec  tion. 

Diffusion  Hass. 

2 

Improve  Internal  Precap  Visual. 

Chip 

Scratched  Mclali/aDon. 
Causing  Short- 

2 

Improve  Internal  Pre -cap  Visual. 

I  xcesaive  K  B  leakage 
(  urrent. 

1 

Cause  Cn known. 

Subtotal 

10  =  14  * 

Louse  Chips 

7 

Him  male  Clau  frit  or  Pyiuceram  Bond¬ 
ing  of  Chips  to  Case.  Accelerate  Parti 
in  Y  |  Axis  at  40,000  g  to  Reduce 

Problem.  Perform  (hip  Bond  Tests 

During  Processing  and  Lot  Qualtfication 

Testing. 

P*k»pn(! 

Open  Ihtn  f  ilm  Ntchromc 
Rcsrsti*  (Suspect  Nonherme 
Seal) 

2 

Ik 

Improve  (iriit  Seal  Tearing  up  lo 

MIL-STD  B83. 

Cracked  Chip. 

1 

Improve  Chip  Mounting.  Improve 

Internal  Pre-cap  Visual. 

<da»s  final  Sealing  Material 
Causing  Shunt  Rath. 

1 

Control  CJass  final  Seal  Material. 

Damaged  Case 

1 

l>sc  More  Care  in  Handling. 

Subtotal 

12  =  1** 

hfcsccllaneous 

Metallic  Contamination 

2 

Improve  Internal  FVe-cap  Visual,  lie 

More  Care  hi  Handling  Prior  to  Capping. 

Short  Between  Thick  film 

C  onductors  on  Suhstrab 

1 

Improve  Internal  ftc-cip  Visual  and 
flcctmal  Isolation  Test. 

failed  fkctncal  toggle  tesl 
(Hip  flop) 

1 

Perform  100  Percent  Togjdt  Tests. 

SvM 

4  =  S’* 

18 


It  may  be  concluded,  from  the  data  in  this  section,  that  there  is  fallout  during 
receiving-inspection  and  sample  environmental  testing,  even  with  100  percent 
screening  requirements  imposed  on  the  suppliers.  It  also  may  be  concluded  that  if 
this  inspection  and  testing  are  properly  utilized  to  assure  that  initial  designs  are 
sound,  manufacturing  and  processing  are  properly  controlled,  and  finished  parts  are 
adequately  screened  and  tested,  hybrid  microcircuits  can  provide  reliable,  densely 
packed  circuitry.  To  control  this  desired  sequence  requires  a  complete  set  of  speci¬ 
fications,  from  initial  procurement  to  final  high-level  testing,  with  rigid  quality  moni¬ 
toring  to  assure  full  compliance. 

One  problem  area  which  proved  to  be  not  easily  amenable  to  user  controls  was 
the  quality  of  internal  wire  bonds  of  the  flatpackages.  Manufacturers  must  clearly 
place  more  emphasis  on  obtaining  consistently  reliable  wire  bonding.  This  problem 
might  be  avoided  by  employing  beam-leaded  chips,  or  some  other  chip  mounting 
technique  which  does  not  involve  the  fine  interconnect  wires  and  associated  bonds. 

Since  this  study  established  that  the  screening  requirements,  which  are  equiva¬ 
lent  to  the  Class  B  screening  of  Method  5004  of  MIL-STD-883,  imposed  on  the  sup¬ 
pliers  were  not  100  percent  effective  in  eliminating  all  faulty  hybrids,  a  better  screen¬ 
ing  system  was  required.  In  an  attempt  to  establish  such  a  system,  the  stepped  stress 
tesiing  discussed  in  the  next  section  was  subsequently  performed. 

2.4  STEPPED  STRESS  TESTING  PROGRAM 

2.  4.  1  BACKGROUND 

The  test  environments  imposed  during  the  supplier's  processing  procedure  were 
found  to  be  inadequate  for  their  intended  purpose;  therefore,  a  program  of  stepped 
stress  testing  was  undertaken  to  determine  those  test  levels  which,  when  imposed, 
would  identify  and  prevent  shipment  of  defective  hybrid  microcircuits.  The  hybrid 
microcircuits  used  for  this  stepped  stress  testing  program  were  production  pro¬ 
gram  units.  The  overall  results  of  this  testing  are  shown  in  Figures  8,  9,  and  10, 
for  the  hybrids  from  Manufacturers  A,  B,  and  F,  respectively. 

2.  4.  2  DESCRIPTION  OF  HYBRIDS  SELECTED 

The  hybrid  microcircuits  selected  for  the  stepped  stress  testing  were  of  three 
different  package  sizes  and  from  three  different  suppliers,  each  of  whom  employed 
different  manufacturing  techniques. 

Results  of  stepped  stress  testing  of  a  Memory  Hybrid  Switch  from  Manufacturer  A 
are  charted  in  Figure  8.  A  photomicrograph  of  the  part  is  shown  in  Figure  4,  and  a 
schematic  diagram  in  Figure  3.  a.  Transistors  Q3  and  Q4  of  this  circuit  switch  450 
milliam peres,  with  a  maximum  saturation  voltage  of  500  millivolts.  The  inputs  are 
driven  by  TTL  logic  levels.  The  flatpackage  is  1/4"  x  3/8"  and  has  a  gold  plated 

% 
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kovar  bottom  and  top.  The  side  walls  are  of  glass,  and  the  package  is  hermetically 

f  .  y  SOldei;;ng  tbe  top  onto  a  S°ld  P^ted  kovar  window  frame  in  a  belt  furnace 
Ihe  chips  are  alloyed  down  to  a  ceramic  substrate  which  has  thick-film  gold  conduc- 

thlCk_fllm  goId  0,1  the  bottom-  The  ceramic  substratf  is  alloyed 
to  the  gold  plated  kovar  package  bottom.  The  four  resistors  are  thick-film  cermet 

he  wire  interconnects  are  made  with  a  combination  of  0.  7-  and  1.  0-mil  gold  flying 

ires,  with  thermocompression  ball  bonds  on  one  end  and  wedge  bonds  on  the  othei 

Plate"""  ChiP  metalIiZati0"  "  “  aUimi—  -d  «■  ^d  frameTs  gold 


Results  obtained  with  a  Ladder  Switch  and  Driver  from  Manufacturer  B  are  shown 
n  figure  9  Figure  2  shows  a  photo  and  schematic  of  the  actual  hybrid.  The  Ladder 
Switch  and  Driver  is  driven  by  TTL  logic  levels  at  pin  7,  and  the  output  at  pin  3 
switches  between  ground  and  a  reference  voltage  at  pin  2.  Transistors  Ql  and  Q, 
operate  in  the  inverse  mode,  with  a  2-millivolt  maximum  allowable  offset  without  a 
load,  and  4.  2  millivolts  (or  30  ohms  maximum  "on”  resistance)  with  a  20kJ2  load 
Manufacturer  B  uses  a  1/8"  x  1/4"  flatpackage  with  a  ceramic  bottom,  which  also 
sei  ves  as  the  substrate,  and  a  gold  plated  kovar  top.  The  package  side  walls  are  of 
glass,  and  the  unit  is  hermetically  sealed  by  soldering  the  top  to  a  gold  plated  kovar 
window  frame  in  a  belt  furnace.  The  chips  are  alloyed  down  to  the  thick-film  gold  on 
the  substrate  The  five  resistors  are  thin-film  nichrome  deposited  on  silicon  dioxide 
on  a  single  silicon  chip.  Ihe  interconnects  are  made  with  1.  0-mil  gold  flying  wires 
using  thermocompression  ball  bonds  on  one  end  and  wedge  bonds  on  the  other  The 
chip  metallization  is  thin-film  aluminum,  and  the  lead  frame  is  gold  plated  kovar. 

in  f  TeSt  TUltS  °n  a  TriplG  Operational  Amplifier  from  Manufacturer  F  are  shown 
F,Sure  10-  Figure  11  shows  a  schematic  diagram  and  a  photomicrograph  of  the 
circuit  The  "  x  1"  flatpackage  is  made  of  ceramic  and  is  sealed  by^poxying  Us 
cover  to  a  gold  plated  sealing  ring.  The  substrate  is  glazed  ceramic  with  thin-film 
antalum  resistors  and  aluminum  conductors  deposited  on  top  of  it.  The  substrate  is 
epoxy  bonded  to  the  package  bottom.  The  circuit  uses  6  MOS  chip  capacitors  which 
are  epoxyed  down  to  the  glazed  ceramic.  The  9  transistor  chips  are  alloyed  to  gold 
plated  kovar  tabs,  which  in  turn  are  epoxy  bonded  to  thin-film  aluminum  pads  on  the 
substrate.  The  wire  interconnect  is  a  combination  of  ultrasonically  bonded  2  5-mil 
aluminum  wire  and  thermocompression-bonded  0.  7-mil  gold  wire,  with  ball  bonds 
on  one  end  and  wedge  bonds  on  the  other.  The  transistor  chip  metallization  is  thin- 
film  aluminum,  and  the  lead  frame  is  gold  plated. 

2.  4.  3  SUPPLIER  PRESHIPMENT  REQUIREMENTS 

Each  hybrid  for  this  test  program  was  procured  with  the  requirement  that  it  be  100 
percent  screened  before  shipment  to  Delco  Electronics.  For  example,  the  Memory 
Hybrid  Switch  from  Manufacturer  A  and  the  Ladder  Switch  and  Driver  from  Manu¬ 
facturer  B  were  procured  with  the  screening  requirements  described  in  Figure  6 
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1  °f  u,is  b°°k->  Man- 

perience,  and  their  hybrids  receired  no  Ltina  It  n  6  ?,  b“  had  of  ex- 
the  testing  sequences  described  in  Figures  8  and  9°'  °°  Electronics  Prl°r  to  entering 

eoee.  However,  the  company  has  saj-  ll  u  !  “  haS  had  Patous  experi- 
hybrid  contains  three,  tdentL  i-eould  Thls  P^ict- 

nal  feedback  networks  for  gain  control  and  n  *  operational  amplifiers  that  use  exter- 
°  *  40  dB,  and  for  iZeZTn  'ctL Pr°VidinS  stab^ed  gain 
Plus  and  minus  12-volt  power  supplies.  The  munufa  ?  tGrS'  ^  Unit  operates  with 

following  100  percent  screens  on  each  of  these  hvbrid  ^  ^  he  performs  the 

n  01  tnese  hybrid  microcircui'  iplifiers- 

•  Operating  burnin:  48  hours  at  85°C, 

.  Temperature  cycling;  15  cycles,  -55T  to  +95°C, 

•  Acceleration  testing;  Up  to  20,000  g, 

Si:trtings:  fine  ieak  at  1  *  io_t  atm  cc/s  <-->•  - a  ^ss 

•  Electrical  testing. 

2‘  4.  4  EVALUATION  OF  DELIVERED  HYBRIDS 
“•  4*  4.  1  Initial  Testing 

were  electrtea!  testrt'rt  Z  TlZc  'nT**  ‘°  StepP<!d  S,resses 

Ladder  Switch  and  Driver  were  electrical  tested  ThejMem°ry  Hybrid  Switch  and 
scribed  in  ihe  SCD  (listed  in  Appendix  I)  Th»  Tr  a.CC°rdance  wltl>  Parameters  de- 
iaptti  impedance,  output  Impedance  power  snnolT  ,  0perational  Amplifier  had  its 

25  u,z; 100  kHz  -  *  «*•  -  ~r^rsrdn:: 

arements  ava^7elSstld^n^rs  77x7“  reCe‘Ved  Speclal  meas- 

tested  to  help  pinpoint  where  failures  occurred  in  th  CirCuit  was  also  continuity 
analysis.  Electrical  parameters  test  data  werVi  f?  ’  t0  expedite  later  failure 
1  he  testinS  was  performed  on  an  automatic  inteJ^lf  *  ^  electrical  test  point, 
ac,  and  switching  time  capability  at  temperaturS  of  -55°°^  havinS  dc> 

electrical  testing,  the  parts  underwent  hermetic  hpoI  ♦  *C  °  150  C*  -After  initial 
were  divided  into  subgroups  preparatory  to  the  various stewed' ““si^tT 
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The  results  of  the  initial  testing  are  shown  at  the  very  top  of  Figures  8,  9, 
and  10.  Each  manufacturer's  hybrids  experienced  some  fallout  during  this  phase. 

The  initial  tests  were  specifically  performed  to  assure  that  the  parts  met  all  electri¬ 
cal  specifications  prior  to  initiating  stress  testing. 

2.  4.  4.  2  Temperature  Cycling  Evaluation 

Units  in  the  temperature  cycling  and  thermal  shock  subgroups  received  a  20,000  g 
acceleration  in  the  Yj  axis,  and  another  hermetic  seal  test  prior  to  entering  the  stepped 
stress  tests.  These  particular  tests  were  performed  to  assure  that  the  initial  parts 
entering  test  were  properly  screened.  As  shown  on  the  right  side  of  Figures  8.  9, 
and  10,  each  manufacturer's  product  had  fallout  due  to  faulty  wire  bonds,  poor  chip 
bonds,  weak  packaging,  or  loose  gold  particles. 

2.  4.  4.  2.  1  Temperature  Cycling  With  Increasing  Number  of  Cycles 

Figure  12  shows  test  results  for  all  three  manufacturers'  units  when  temperature  is 
cycled  with  an  increasing  number  of  cycles.  Each  stress  series  was  begun  at  10  tem¬ 
perature  cycles,  from  15  minutes  in  low  temperature  air  to  15  minutes  in  high  tem¬ 
perature  air,  with  a  transfer  time  of  less  than  one  minute.  The  hybrids  from  Manu¬ 
facturers  A  and  B  were  cycled  from  -65°C  to  +150°C,  and  that  of  Manufacturer  F  from 
-55°C  to  +125°C.  After  each  series  of  temperature  cycles,  additional  tests  were  per¬ 
formed  to  determine  if  the  parts  had  degraded,  or  failed  catastrophically.  After  the 
initial  10  cycles,  the  parts  from  Manufacturers  A  and  B  were  acceleration  tested  at 
20,  000  g  in  the  Yt  axis  to  destroy  degraded  substrate  and  chip  and  wire  bonds. 

After  acceleration,  fine  and  gross  hermetic  seal  tests  were  performed  to  deter¬ 
mine  if  the  hermetic  seal  had  been  destroyed  by  the  temperature  cycling.  Next,  an 
electrical  test  was  performed  to  detect  destroyed  units.  The  hybrids  from  Manufac¬ 
turers  A  and  B  survived  1, 185  temperature  cycles  with  no  failures  due  to  temperature 
cycles,  acceleration  tests  (6),  hermetic  seal  tests  (6),  or  electrical  tests  (10).  There 
were  12  samples  from  Manufacturer  A,  and  11  samples  from  Manufacturer  B. 

The  hybrids  from  Manufacturer  F  were  accelerated  at  5,000  g  in  the  Yj  axis 
instead  of  20,000  g,  the  level  that  appeared  to  damage  the  1"  x  1"  flatpackage  seal. 

Four  of  Manufacturer  F's  packages  lost  their  hermeticity  during  1,206  temperature 
cycles.  No  electrical  failures  occurred.  A  failure  is  defined  as  a  hybrid  micro- 
circuit  that  exceeds  any  of  the  electrical  parameter  limits,  or  fails  hermetic  seal 
testing. 

2.  4.  4.  2.  2  Temperature  Cycling  with  Increasing  Number  of  Cycles  and  Increasing 
Spread  of  Temperature  Extremes 

Figure  13  shows  the  test  results  for  temperature  cycling  with  an  increasing 
spread  of  temperature  extremes.  The  testing  sequence  is  similar  to  that  in  Figure  12. 
Manufacturer  A's  parts  had  five  failures  after  285  temperature  cycles,  beginning  at 
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Figure  12.  Temperature  Cycling  with  Increasing  Number  of  Cycles 
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-bo  C  to  +150°C  and  increasing  to  -G5°C  to  +200°C  One  of  the  fail 

:  c;  srr  r j?  vtwo  fai,u-es — -  -  r;> by 

““  f'fth  «“  -  ,o  an  SSSffl  rZTX  current.*1*”  b°“d  «»■  “d 


th  "au^ ‘."bond  m.'IdSawayl  Wbe.Vh°  Par‘  ~  “™  «« 

than  o.  1  gram  force.  Another  ball  bonri^  n  emitter  of  transistor  Q4  with  less 

bUl  lWs  "eak  b™d  CW  not  show  up  as  an  etorteaOaltrf6''  “*  “““  °'  1  ^ 


T  a  b0Se  *°ld  bal1  b“d  -  the  emitter  of  «* 

electrical  testing  wffle^y^we™^8'/^0-347  V°'‘S  dUri"e  the 
volts  just  prior  to  the  bond  opening  The  chhTh  '/*  gradually  '"creased  up  to  I).  63, 
Figure  14,  a  photomicrograph  of  the  chin  =1,  ,™!  ."'“''’  Checked  a"d  considered  intact 
'he  ba„  bond  was  located^  shl  by a Lck 7^11  ""  ba“  b°"d  Came  «*  Wh« 


Serial  Number  66  had  an  initial  V  .  .r 

which,  after  undergoing  285  tern pe rat i£e££[2l  4  °  milliamPeres.  of  0.401  volts 

•he  failure  analysis.  wire  ^  T  T'  ^ 

and  the  bonds  remaining  intact  Each  ?•  * *’  th  the  Wires  breaking 

The  NPN  chips  popped  off  with’little  applied  f0rce°  Wlth  &  fine  Wir 

remained  firmly  attached.  ’  al  e  otber  chips  resisted  and 


f  iguro  14.  Manufacturer  A 


—  Gold  Ball  Bond  Failure 


Serial  Number  70  had  a  diode  leakage  current  failm-n  -n,  •  ,  , 

was  16  nanoamperes;  and  as  the  t<>m  n,.  K  lmtud  leakage  current 

During  failure  ‘ '  ^  ">  127  »*■ 

shorted,  with  a  reverse  current  of  lo  niA  at  '“l*  lh,S  Umu  lho  <li()de 
short,  appeared  to  be  related  to  iho  •  '  ‘  ht  hlg  l  leakal?e,  and  finally  the 

bond,  into  the  aluminum  metam^™ I:;*"'8"  °f  «°W-  f'“"'  «*  1 <"« 

Manufacturer  B's  hybrids  Gxnpripnfmtt  r. 

Manufacturer  F's  hybrids,  on  the  other  hand  all  failed  T  ^  “f  temperalure  c-vcIcs- 
cycles,  beginning  at  -55°C  to  +125°r  ™d  ’  •  d  Unng  the  185  temperature 

Doit  S/N  /was  failed  for  herm/fc  seaUos ‘117  °  ’“T  +a)“”C'  <S«  figure  , 

transistor  chips  which  were  epoxv  bonded  t  ’/  ,t  °°Senmff  “f  lwo  of  the  kovar  tabbed 
two  other  failures  due  to The  eZZ  t  "  ere  also 

Number  7  also  had  a  loose  gold  b^bond.^'^  ^  ^  looSening  transistors-  Serial 

Manufacturers  A  and  B.  The  F  falied  die flh  dCV‘C°8  fr0m 

10  lhe  ,a“er  casc' ,he 

cycling.  JS  ad)“dSed  Unable  10  reasonable  temperalure 

2-  4-  4-  3  Thermal  Shock 

9,  and  lO^oi^^rou^^or^Mch't^numbe'^8^ 1^°  ^  ^  g,'°UpS  <FiBul’es 

the  other  for  which  the  number  of  thermal  shock/”!! /a”'/  “l*  Variablc'  and 

extremes,  was  the  variable  The  i;  f  ,  h-1  is  the  spread  of  temperature 

tbe  0°C,  FC-78  for  Ihe  to/iem/rltores  oll^r  7  ^  ^  '» 

the  -195°C,  For  high  temperature  liouid<?  0  C  and  ~65  c>  and  liquid  nitrogen  for 

FC-40  for  the  +125°C  and  +150°C  and  hi  h  ^  WaS  USed  for  the  +l00°C- 
+200°C.  ’  gh  temPerature  silicone  oil  was  used  for  the 

2.  4.  4.  3.  1  Thermal  Shock  with  Number  of  Cycles  as  the  Variable 

an  thFe‘Sf/h“  ^ 

cycles  of  thermal  shock  from  -65°C  to  +150°C  H  A  d  B  bad  no  fa,Iures  due  to  335 
facturer  F  failed  during  95  cycles  of  therli  h  7^’  three-  h*brids  from  Manu- 
failure  mechanism  was  loss  of  hermetic  seal  *  fm*  fr°?f  0  ,C  to  +  100°c-  The  Prime 
during  failure  analysis.  During  the  failure  analv^^fh  Sh°WS  Ph°t°S  °f  S/N  1  taken 
be  somewhat  soft,  as  though  the  water  used  i  of  !S’  !he  ep°Xy  final  seal  was  found  to 
thereby  contributed  to  the  loss  of  hermeticitv"  fT™  ^°Ck.  had  acted  as  a  s°lvent  and 
in  the  epoxy  used  for  the  final  l0"g  fibei'  ^ands 

entering  the  package  and  causing  electrical  failure  *  h  ^  results  of  the  water 

wire  (normally  ultrason, rally  bonded  to  thln-film  alUminUra 
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CODF  KEY: 


Identifies  Test  (Mechanical,  Environmental,  or 
Electrical)  Being  Studied 

I  Electrical  Teat*  at  2S*  C  to  Detect  Fallurea  fa  need 
by  Previous  Tret 

I  Environmental  or  Mechanical  Teat  Per  MIL-STD-SH3 
to  Locate  or  Induce  Failures  in  Degraded  leal 
Samples 

Indicates  the  Parameter  (Variable)  Being  Changed 
aa  the  Teal  Proceeds 

Indicate*  that  this  Specific  Teat  ta  Completed 
with  No  New  Failures 

Indicates  Failure  Occurrence  at  this  Teal 


Mfg.  A 


Mfg.  B 


Mfg.  F 


Figure  15.  Thermal  Shock  Evaluation  with  Number  of  Cycles  as  the  Variable 


Strands  Found  in  Epoxy  Final  Seal  D' '  Corroded  Thin-Film  Aluminum  Interconnects 

_ _ on  Substrate,  Due  to  Presence  of  Water 


to*  as'tlic'ylu'i ate  "  ilh  ‘NBmber  Cyctes  Plus  ,hc  ot  Temperatore 

I  igure  17  shows  the  results  of  thermal  shocking  the  hybrids  from  Manufacturers  A 

Txtren  f  S  v  ,‘77^  T**”  °f  cycles  and  with  wider  spreads  for  the  temperature’ 
-  tints.  Manufacturer  A's  product  had  no  hermetic  seal  failures,  or  acceleration 

to'-i^c  lf  rrmaIShrk  b6ginnlng  at  '65°C  to  +150°C  and  proceeding 

n  ,  J)U  C-  Manufacturer  A's  hybrids  did  have  10  electrical  failures  out  of 

n  ids  tested.  All  ten  failures  were  due  to  the  PNP  transistors,  IrRO  increas- 

e  beta  of  th  ^NP  7^7  *7'™*  '*****  CUrrent  11  was  al.?Sed  that 

the  beta  of  the  PNP  transistors  decreased.  Both  of  these  parameters  were  unstable 

during  the  -195T  to  +200‘C  shocks  and  hence  were  unpredictable  Ihe  parts  acted 
“  ^  th0y  had  Chantiels  due  “  inversion  layer,  because  of  these  chlracteris- 
the  busp“l  Parts  were  Placed  on  a  reverse  bias  (col  lector -base)  burn-in  after 
completion  of  the  thermal  shock  series.  Ail  the  suspect  devices  subsequently  chan- 
nt  led  and  destroyed  themselves  in  this  test.* 

Jtr  "M"'0**0*  had  7  tailures  oul  of  12  dur“8  the  335  cycles  of  thermal 

s  b”L  711?  ,  ” ,  m  was  an  0pen  gold  ba"  bond  <P‘n  >0)  to  the  thick-film 

ubsti ate.  A  characteristic  unique  to  each  of  the  gold  wire  ball  bond  failures-to-thick- 

tr  msTs  ''T-  tht’  baH  b°nd  10  quesiion  was  made  in  the  area  adjacent  to  where  a 
.  to*  chip  was  eutectic  ally  bonded.  The  failed  ball  bonds  all  were  in  the  area 

w  here  the  chip  had  been  scrubbed  down,  whereas  the  ball  bonds  made  away  from  the 

scrubbed  area  remained  intact.  1  his  failure  mechanism  had  also  been  nofed  in  field 

tailures,  and  b>  the  manufacturer,  and  the  problem  has  since  been  solved  by  bonding 
away  from  the  scrubbed  down  areas.  y  6 

Manufacturer  F's  product  had  three  failures  out  of  three  samples  tested  The 

'“S'  Itw  k  ;hermM  Sh°Cl^  CyC‘eS  beS‘n""’g  “  °’  *°  +I00’C  and  e"di"S  “P  a‘ 

Sm-rnl  «  h  r'  ,  T  SamP'eS  ,aUed-  AU  three  unlts  fa»ed  hermetic  seal  testing 
.  .  umber  o  also  had  five  loosened  (epoxy-bonded)  transistor  chips. 

1  rom  the  thermal  shock  testing,  it  was  concluded  that  the  -65’C  to  +150°C  thermal 
^Od-fMh  n,,t  rTgtae  “nitS  tr°m  Manufacturers  A  and  B,  and  even  the  -wc  to 

t'mrr  i*‘  ^  rf  "°!  'tSelf  deslroy  reliable  hybrids  (although  the  -195’C  to 

-00  C  exti  ernes  did  cause  defective  hybrids  to  fail).  It  was  also  concluded  that  Man- 

X"  F  *  hybnds  "erd  unable  10  withstand  thermal  shock,  even  if  limited  to  0-C 
.hi!  manidact^er  "  ”  W  ,“l  lh*  dbld  b°“da  —  by 


In  a  later  section,  Paragraph  2.4.  4.  8.  2,  It  is  noted  that  a  group  of  Manufacturer  A’s 
parts  were  placed  on  reverse  bias  life  and  that  6  of  the  10  also  failed  due  to  channehng 

X n v  fh' apr?"’l,.explar't,0n  f0r  thlS  fallure  mechanlsm  occurring  during  -195-c  to 
this  c  intrl'cT  '  'lh0r  investlga,lon  was  considered  beyond  the  scope  of 
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l'  4‘  4  ^ibrat‘on  and  Temperature  Cycling 

<20  to  2.  000  Hz)  vibrattonat^^'a^iio  )ver®  first  subjected  to  variable  frequency 
then  Objected  to  a  temperature  cycling  test  The  te  ?  SarViVing  samPles  were 
did  not  conform  exactly  to  Method  1010  of  MIL -STD  S^Tbe  ^  Cy.?hng  procedure  used 
formed  in  a  single  chamber,  and  the  time  duratfon  f ?  ^  ^  cycIin*  was  P®**- 

the  low  (-55°C)  to  the  high  (+125T)  was  abou  t  I  ‘I temperature  stabilization  from 
10  minutes  (using  C02)  These  lontr  H«io  ”  tnmutes-  and  from  high  to  low  about 
-use  they  simulated  a'polsibil  d“,"bte  for  ,hls 

off  '  state  at  a  low  temperature-  and  then  turned  6"  "  h'Cli  a  system  would  be  in  the 

Hae  to  the  high  temperature  due  to  the  L?  d  '  Ca“,lng  ,he  ambie"‘  ‘°  slowly 
While  this  is  posed  as  an  extreme  else  i  d  d  *h<i  "**"  aircraft  system, 

use.  eme  CaSe’  11  dld  Slmu|ate  the  conditions  possible  in  real 

Figure  18  shows  the  vibration  test  serips 

an  external  lead  come  off  the  part  during  v,h  *•  '  S  results*  Manufacturer  A  had 

related  to  the  holding  fixture  during  vibirntm  m"  10°  g'  AlthouSh  this  failure  is 
weaker  than  normal  external  leads  on  thp  [  Man«*“turer  A's  hybrid  does  have 
failures  due  to  the  vibrat  on  af50  70  ?”"****«  *'*  unit  had  no 

AH  three  of  the  parts  from  Man^cLr  F  fail LT-  ^  *’  Y’  a"d  Z  «*». 

parts  failed  due  to  loose  gold  ball  bonds  and  the  th-  Th®  the  vlbratlon  testinS-  Two 
off.  Serial  Number  38  also  had  a  broken  P-nlrt  •  ^  UG  t0  an  externa*  ,ead  coming 
down  at  the  wedge.  °  g°ld  Wlpe  wed&  bond  where  the  wire  necks 

The  bond  failures  on  Manufacturer  F's  hvhrMo  o  ,  .  , 
levels  only  because  of  the  very  poor  wire  bonds  iv  T  ated  to  the  hiSh  S  vibration 
sidered  an  effective  screen  for  hybrid  circuits  which  &  ^  &  Vibration  is  not  con- 
(or  more)  acceleration.  Introduction  of  variable  fren  !  “y  Withstand  2o-  °00  g 

possibly  provide  a  screen  for  large  hvhriHs  th  qUenCy  and  random  vibration  could 

— -  «- — bc 

from  Manufacturer  A^d  l”  Mmplls'fro'n^mn^a'.6  CycI‘ng  performcd  °"  9  samples 
temperature  cyc.es,  two  fai.ureTocclred  on  ZlTT  '  "•*  3  '°,al  °‘  2’ 023 
for  Manufacturer  B.  One  of  the  failures  (S/N  111  ^  A'S  hybrids  and  no  failures 
to  a  loose  gold  » ire  wedge  bond  to  Ihe  gold  thirl  V,  Ma"ufacturei'  A's  hybrids  was  due 
ticular  device  had  a  VCE(eat)  „f  0.  470  vo„s  ' ‘  a,e  co"duc‘or-  This  par- 

Perature  cycling  test,  which  increased  to  n  siq ,♦ V  h  beginning  of  the  tern- 
wedge  bond  during  temperature  cycling  The  sp  ^  de&radation  of  the 

VCE(sall  <*  4=0  mA,  ™  '"“ia' 

mal  cycles.  The  cause  of  this  significant  increasp  . *  V°Us  after  2-  023  ther- 
apparent.  All  chip  and  wire  bonds  in  this  hybrid  paolatTrel^T 
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Figure  18.  Vibration  and  Temperature  Cycling  Evaluation 
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2.  4.4.  5  Acceleration 


t  onstant  acceleration  testing  was  used  to  determine  the  effect  of  centrifugal  force 
>n  e  y  rid  microcircuits.  It  was  used  as  a  high  stress  test  to  determine  the  me- 
ehanica1  limits  of  the  package,  internal  lead  system,  die  and  substrate  attachment 
and  other  elements  of  the  microelectronic  devices.  By  establishing  proper  stress  ’ 

low  V1  may  bG  ^mployed  as  an  in‘Iine  screen  ^  detect  and  eliminate  devices  having 
lowei  than  nominal  mechanical  strengths  in  any  of  the  structural  elements.  S 

2. 4.  4.  5.  1  Acceleration  in  the  Yj  Axis 

Figur^rVheY3  TrS  aCCeleuration  in  the  Y1  as  the  variable  is  shown  in 

I  igure  19.  The  axis  is  defined  as  the  axis  along  which  centrifugal  force  will  move 

substrates,  chips,  and  wire  bonds  away  from  their  bonding  surface.  Units  from  all 

three  manufacturers  failed  during  the  acceleration  testing  in  this  axis;  but  Manu- 

acturer  B  had  no  failures  prior  to  the  125.000  g  level,  and  then  only  one  legitimate 

leveT et?otth*»0U5h  \5 °’  000  g‘  Manufacturer  A  already  had  a  failure  at  the  20,  000  g 
level  that  was  due  to  a  very  poor  PNP  transistor  chip  bond.  The  chip  was  improwrlv 
ciubbed  into  the  gold  pad  on  the  substrate.  With  the  pad  very  rough,  the  chip  made 
contact  at  only  three  high  points  on  the  gold  pad,  and  formed  a  marginal  chip  bond  The 
1  gaining  samples  from  Manufacturer  A  made  it  through  46,  000  g  with  no  electrical 


The  fixturing  used  for  acceleration  below  75,  000  g  consisted  of  bowl  rotors  having 
flat  surfaces  machined  on  the  inside  wall  of  the  bowl.  Each  of  the  flat  surfaces  had 
hard  magnetic  rubber  material  cemented  in  place.  The  flatpackages  were  centrifuged 
by  placing  them  against  the  magnetic  rubber,  with  plastic  shim  material  placed  under 
the  leads  to  support  the  flat  leads  in  the  same  plane  they  were  in  as  they  emerge  from 
the  packages.  Above  4  6,000  g,  each  of  the  parts  was  potted  in  Carbowax*  Polyethylene 
Glycol  a  water  soluble,  low  melting  point,  wax-like  material.  Air  voids  in  the  potting 
mater  al  were  kept  to  a  minimum,  while  the  potting  was  hardening,  by  slowly  cooling 
the  holding  jigs,  hybrids,  and  potting  material  in  a  vacuum.  Even  with  these  pre- 
cautions,  the  potting  material  had  a  tendency  to  "give"  at  very  high  g  levels  and  crush 
the  flatpackages.  Because  of  the  marginal  fixturing,  the  fine  and  gross  seal  test 
failures  at  above  46,000  g  (in  Figure  19)  must  be  considered  invalid  because  of  the 
possibility  of  seal  destruction  due  to  inadequate  fixturing. 

Armed  with  the  above  restrictions  for  interpreting  data  above  46,  000  g  the  test 
results  showed  Manufacturer  A  to  have  only  one  legitimate  failure  above  46,  000  g  and 
his  failure  (S/N  83)  was  due  to  a  loose  internal  substrate  after  125,000  g  acceleration 
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H  Sample* 


in  the  V,  axis.  Serial  Numbers  s.l  and  s')  failed  due  to  the  loss  of  hermetic ity  and 
subsequent  entry  of  the  potting  material  and  rinse  water  into  the  flatpackages.  Only 
one  of  Manufacturer  H's  hybrids  legitimately  failed  acceleration  testing  up  through 
toil,  <)()()  g.  This  was  a  gold  ball  bond  failure  (S/N  110)  at  125,000  g  acceleration. 

This  bond  had  been  made  in  the  scrubbed  area  where  a  transistor  chip  was  bonded  to 
the  thick-film  pad  on  the  substrate.  (This  same  failure  mechanism  was  reported  in 
Paragraph  2.  4.  4.  2.  2,  as  a  result  of  thermal  shock.  ) 

Three  of  the  four  hybrids  from  Manufacturer  F  failed  prior  to  the  40,0  )0  g  level 
acceleration.  Serial  Number  20  had  already  failed  the  initial  hermetic  seal  test  when 
the  parts  were  received  from  Manufacturer  F  (see  Figure  11),  and  now  it  also  failed 
acceleration  testing  because  a  gold  ball  bond  lifted  from  the  emitter  of  a  PNP  transis¬ 
tor.  Serial  Number  21  failed  fine  and  gross  seal,  as  well  as  having  two  loose  gold 
ball  bonds  from  transistor  chips.  Serial  Number  22  failed  gross  seal  testing.  (Note 
that  no  new  failures  occurred  on  the  two  parts  (S/N  19,  22)  that  were  subjected  to 
40,000  g. ) 

Acceleration  screening  in  the  V,  axis  appears  to  be  a  highly  effective  means  of 
eliminating  defective  substrate,  chip,  and  gold  wire  bonds  provided  that  the  devices 
can  be  centrifuged  at  high  g  levels.  Forty  thousand  g  is  the  minimum  level  consid¬ 
ered  to  be  effective  for  0.  7-  or  1-mil  gold  wire  systems.  Aluminum  wire  systems,  on 
the  other  hand,  require  at  least  100,000  g.  Production  fixturing  using  magnetic  rub¬ 
ber  is  available  to  perform  screening  in  the  V,  axis  up  to  100,000  g,  but  Delco  Elec¬ 
tronics  has  had  no  opportunity  to  evaluate  these  particular  fixtures.  Care  must  be 
taken  at  such  high  levels  to  assure  that  the  holding  fixtures  themselves  do  not  destroy 
or  degrade  the  parts.  Tooling  has  been  fabricated  at  Delco  to  enable  an  evaluation  of 
some  manufacturers'  monolithic  integrated  circuits  in  flatpackages  up  to  200,000  g 
without  harming  them.  Dimensionally,  these  units  must  be  held  to  very  tight  tolerances 
on  the  overall  package  to  be  suitable  for  consistent  acceleration  at  20,000  g.  However, 
hybrid  microcircuit  flatpackages  are  not  normally  held  to  dimensions  within  a  few 
thousandths  of  an  inch. 

2.  4.  4.  5.  2  Acceleration  in  the  X  Axis 

The  X  axis  is  defined  as  the  axis  orthogonal  with  both  the  Y  axis  and  the  axis  in 
which  the  external  leads  emerge  from  the  flatpackage.  Acceleration  in  the  X  axis  pre¬ 
sents  a  shear  stress  on  the  substrate,  chips,  and  wire  bonds,  and  also  dresses  the 
internal  wires  in  such  a  manner  that  they  may  short  to  one  another,  or  to  another 
conductive  surface.  All  X  axis  acceleration  was  performed  with  the  hybrids  potted  in 
Carbowax*.  (Note  in  Figure  20  that  at  the  higher  g  levels,  the  seals  of  the  packages 
were  destroyed  due  to  the  pressure  of  the  potting  material  on  the  outside  surfaces  of 
the  flatpackages. ) 
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Manufacturer  A's  hybrids  all  survived  20,000  and  30,000  g  acceleration,  but  at 
40, 000  g,  a  wedge  bond  gave  way  in  Serial  Number  103.  rl  he  wedge  bond  fractured  at 
the  point  where  the  wire  was  indented  (to  a  "wedge"  shape)  by  the  capillary  of  the 
bonding  machine.  Either  too  much  pressure  was  applied  in  making  the  wedge,  or  else 
the  edge  of  the  capillary  was  improperly  shaped,  creating  a  weak  bond.  After  a 
75,000  g  acceleration,  S/N  99  had  a  wire  shorting  to  the  edge  (collector)  of  a  transistor 
chip.  After  125,000  g,  S/N  97  disclosed  a  loose  ceramic  substrate. 


Hybrids  from  Manufacturer  B  passed  all  tests  through  75,  O00  g  in  the  X  axis.  After 
125,000  g,  the  Q]  emitter  and  base  leads  shorted  on  S/N  95;  and,  after  150,000  g, 

S/N  97  and  99  showed  the  same  leads  shorted  as  those  on  S/N  95.  All  of  Manufacturer 
E's  hybrids  also  survived  electrical  testing  after  acceleration,  up  through  30,000  g  in 
the  X  axis;  but  then  they  were  all  crushed  at  40,000  g  due  to  the  action  of  the  potting 
material  used.  The  seal  on  S/N  25  was  already  destroyed  at  5,  000  g,  and  S/N  23  and 
26  each  lost  hermeticity  at  30,000  g. 

Results  of  the  acceleration  testing  in  the  X  axis  clearly  indicate  that  good  substrate, 
chip,  and  wire  bonds  can  withstand  high  g  levels,  but  the  fixturing  used  to  hold  the 
packages  tends  to  destroy  their  hermeticity.  Significantly  high  g  levels  are  tolerated 
before  internal  leads  begin  to  short  and  cause  the  hybrid  to  fail. 

2.  4.  4.  5.  3  Acceleration  in  the  Y2  Axis 

Figure  21  describes  acceleration  of  Manufacturers  A  and  B's  flatpackages  in  the 
y2  axis.  Acceleration  in  the  Y2  axis  forces  internal  wires  down  against  the  chips  and 
substrate,  and  ultimately  causes  short  circuits  at  points  where  wires  cross  other 
conductors.  The  fixtures  used  were  the  same  as  those  for  the  Yj  axis  acceleration. 
There  were  no  electrical  failures  up  to  and  including  the  46,  000  g  acceleration.  A 
unit  from  Manufacturer  B  lost  its  hermetic  seal  during  the  30,000  g  acceleration. 
However,  the  seal  data  for  75,000  g  and  above  are  not  considered  valid  for  evaluation 
purposes’ for  the  reasons  explained  earlier  in  the  Yt  axis  discussion.  Manufacturer 
A  had  3  electrical  failures.  S/N  12  had  a  short  after  75,000  g,  and  S/N's  18  and  21 
failed  after  the  125,000  g  acceleration.  Manufacturer  B  also  had  3  failures.  S/N  62 
showed  a  short  after  75,000  g,  S/N  70  after  125,000  g,  and  S/N  69  after  150,000  g. 

The  Y2  axis  acceleration  was  clearly  shown  to  be  useful  only  as  an  evaluation 
tool,  and  not  as  a  100  percent  screen.  Should  a  hybrid  short  at  20,000  g  acceleration 
or  less  in  the  Yt  axis,  this  would  appear  to  indicate  a  poor  circuitry  layout  within  the 
hybrid  package.  Both  Manufacturers  A  and  B  have  good  layouts,  and  this  is  why  they 
had  no  failures  prior  to  75.000  g. 

2.  4.  4.  6  Hermetic  Seal  Test 

Hermetic  seal  testing  was  performed  many  times  in  the  stepped  stress  testing  to 
identify  both  initial  failures  and  those  caused  by  testing.  (See  Figures  8,  9,  10.) 
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COD»  KEY 


Idanllflaa  Tut  (Macbanlcal,  |.nvlrunm*nial,  or 
El*clrital)  Vlri(  Mud  ltd 

EUclrlrt  >U  at  15*  C  to  ItoUct  lalJurwa  t'auard 
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EovinmmtnUl  or  Macbanlcal  Taat  Ptr  MIL-STD-MY 
to  IxKtt*  or  Indue*  Fallurea  in  lkagnuM  Ttai 
HamplM 

Indlcaua  Lb*  ParamaUr  (Variable)  H*lng  Ctanfad 
a*  the  Teat  Pmcaadi 

Indicaua  that  Lhta  ApactfU  T*#t  la  Completed 
wltb  No  N*%  Failure* 

Indlcaua  Failure  Oreurrenc*  al  tbir  T**i 


This  paragraph  describes  the  initial  seal  tests  and  those  performed  on  one  gr.Sup  Jf 
hvbrids  from  each  of  the  three  suppliers.  Initial  results  of  hermetic  seal  testing  bf 
Manufacturers  A,  H,  and  F's  hybrids  are  shown  on  the  top  of  Figures  8,  9,  and  10. 

Manufacturer  A  had  5  hermetic  seal  failures  out  of  150  of  its  hybrids  initially 
tested.  The  gross  seal  testing  of  Manufacturer  A's  hybrids  per  M1L-STD-883, 

Method  1014,  Condition  C,  Step  2  (fluorocarbon  gross  leak  with  vacuum  backfill) 
yielded  inconclusive  results  during  this  testing  because  many  packages  emitted  very 
fine  bubbles  over  a  wide  area  of  the  package  surface.  All  150  samples  were  then  sub¬ 
jected  to  a  weight  hermetic  seal  test.  The  weight  method  for  gross  hermetic  seal 
testing  was  performed  by  controlled  weight  measurements  before  and  after  backfill. 

During  the  weight  method  hermetic  seal  test,  all  the  samples  were  handled  with 
great  care  to  keep  them  free  of  any  oil,  or  other  contaminant.  When  handling  w'as 
necessary,  tweezers  were  used  rather  than  bare  fingers.  The  parts  were  first  baked 
at  approximately  100°C  for  4  hours  minimum  to  drive  off  any  moisture.  Shortly  after 
baking,  the  parts  were  weighed  on  an  electronic  scale  to  the  nearest  tenth  of  a  milli¬ 
gram  and  then  backfilled  with  FC-78  per  MIL-STD-883,  Method  1014,  Condition  C, 

Step  3.  After  backfill,  the  parts  were  kept  in  FC-78  until  the  time  they  were  placed 
back  on  the  scale.  The  FC-78  evaporated  so  rapidly  that  the  time  it  took  to  transfer 
the  part  from  the  FC-78  to  the  scale  was  sufficient  to  dry  the  external  part  surfaces. 
Failed  parts  were  detected  by  a  change  in  weight  from  bake  to  after  backfill.  Units 
whose  weight  changed  more  than  0.4  milligram  were  considered  leakers  (failures). 

'this  weight  method  test  was  performed  first  with  a  backfill  pressure  of  40  psig 
for  3  hours,  and  again  at  40  psig  for  10  hours  (because  of  some  marginal  units  in  the 
150-piece  sample).  It  was  concluded  that  the  3-hour  backfill  at  40  psig  was  insufficient 
for  this  particular  package  at  this  pressure  to  reveal  marginal  units,  so  backfill  times 
were  increased  to  5  hours  for  later  testing  of  this  manufacturer's  part. 

Table  VIII  provides  a  detailed  breakdown  of  the  hermetic  seal  test  results  for 
Serial  Numbers  12  through  22  from  Manufacturer  A.  Figure  22  outlines  part  of  the 
hermetic  seal  evaluation  for  all  three  manufacturers.  The  same  parts  from  Manu¬ 
facturers  A  and  B  were  placed  on  V2  axis  acceleration  testing  (Figure  21)  after  com¬ 
pleting  the  seal  test.  Table  VIII  lists  these  tests,  along  w  ith  the  seal  testing,  w  ith 
backfill  pressure  changes.  Tables  IX  and  X  show  seal  test  results  for  Manufacturers 
B  and  F,  with  varying  backfill  pressure.  Manufacturer  B  had  no  initial  seal  failures 
on  the  150  samples  evaluated  (Figure  9),  and  Manufacturer  F  (Figure  10)  had  two 
failures  out  of  50  samples. 

The  backfill  pressure  was  varied  during  these  evaluation  tests  for  two  reasons: 
first,  to  establish  correlation  of  readings  with  backfill  pressure.  Second,  it  was 
increased  to  determine  if  and  when  packages  are  destroyed  due  to  high  pressure, 
lhe  data  in  Tables  VIII,  IX,  and  X  indicate  that  the  time  and  pressure  factors  used  had 
little  effect  on  the  fine  leak  rates  and  the  overall  results  of  the  test. 
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Table  VIII.  Hermetic  Seal  Test  Results  Using  Manufacturer  A's  1/4”  x  3/8”  Flatpack 


COD*  KEY: 


L _ J  Teat  (Mechanical,  Eavinmmanul.  or 

________  Electrical)  Being  Studied 
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Figure  22.  Hermetic  Seal  Evaluation 


Table  IX.  Hermetic  Seal  Test  Results  Using  Manufacturer  B's 
1/4"  x  1/8"  Flatpackage 


1.  Code:  NB  -  No  Babbles;  B  *  Bubbles;  FB  -  Fine  Bubbles 

2.  Gross  leak  teat  wherein  the  sample  waa  baked  dry,  weighed,  then  backfilled  per  MIL-STI>883, 
Method  1014,  Cond.  C,  Step  2,  and  again  weighed,  t’nits  Increasing  -.0.0004  grams  were  considered 
to  be  nonhermetic. 


^'he  fine  leak  rates  were  measured  using  the  tracer  gas  (helium)  method,  and 
the  data  indicates  rather  poor  repeatability  of  the  readings.  Variables  that  affect  t  e 
leak  rate  reading  are  the  stability  and  calibration  of  the  mass  spectrometer,  contn  I 
of  contamination  and  paint  on  the  packages,  size  of  packages,  type  of  package  nv 
terial,  and  length  of  time  out  of  the  helium  backfill  before  the  measurements  made 
(if  the  time  is  relatively  short). 

Tables  VIII,  IX,  and  X  list  the  average  leak  rates  and  the  range  of  readings  for 
each  sample.  Also  shown  are  the  gross  leak  (Method  1014,  Condition  C,  Step  2)  test 
results  and  the  backup  gross  seal  data  from  performing  the  weight  seal  tests.  'J  he  gross 
seal  test  is  subjective  because  although  some  packages  had  very  fine  bubbles  emerging, 
they  are  still  hermetic  packages.  Experienced  gross  seal  test  operators  can  differen¬ 
tiate  between  most  of  the  actual  leakers  and  those  merely  showing  background  bubbles, 
but  the  capability  is  not  100  percent  effective.  Since  it  is  poor  economics  to  rejeel  all 
the  fine  bubblers,  this  subjective  method  had  to  be  backed  up  by  the  weight  method  to 
establish  the  actual  leakers. 

In  summary,  Method  1014,  Condition  C,  Step  2  was  found  to  be  a  much  more  effec¬ 
tive  seal  test  than  the  earlier  gross  seal  test  method  (MIL-STD-750  and  MIL-STD-202), 
but  there  is  much  room  for  economic  improvement  in  the  gross  seal  test. 


2.  4.  4.  7  Mechanical  Shock 


Figure  23  displays  the  mechanical  shock  test  performed  on  a  pneupactor-type, 
mechanical  shock  tester.  The  flatpackages  were  attached  to  a  projectile  and, 
with  air  flowing  in  the  venturi  section  of  the  shock  tester,  a  suction  was  created 
at  the  inlet  which  drew  the  projectile  into  the  tube.  Propelled  down  the  tube  by  ex¬ 
panding  air,  the  projectile  left  the  tube  and  impacted  on  a  seismically-mounted 
mass  (called  the  striker  plate).  In  this  fashion,  the  flatpack  underwent  shock  of  a 
magnitude  and  duration  that  could  be  varied  by  air  pressure  and  measured  by  an 
accelerometer.  Four  of  the  hybrids  were  destroyed  upon  impact,  because  the  projec¬ 
tile  and  flatpack  rebounded  and  struck  part  of  the  shock  test  fixture.  This  situation 
was  averted  through  modifications  to  the  pneupactor,  where  the  projectile  exited  from 
the  tube. 

Manufacturer  A's  hybrids  had  three  electrical  failures  due  to  shock  testing. 

S/N  138  failed  after  10,000  g  due  to  a  loose  wedge  bond  to  the  substrate.  S/N's  137 
and  141  failed,  after  the  five  30,000  g  peak  shock  pulses,  due  to  a  loose  NPN  tran¬ 
sistor  chip,  and  a  loose  wedge  bond  to  the  substrate,  respectively.  Manufacturer  B's 
hybrids  had  no  electrical  failures  due  to  the  five  shock  pulses  at  1,  500,  3, 000,  5,  000, 
10,000,  20,000,  and  30,000  g  peak  in  the  Yj  axis.  Only  one  of  Manufacturer  B's 
hybrids  failed  hermetic  seal  testing,  and  this  was  after  the  20,000  g  shock  pulses. 


51 


One  of  Manufacturer  F's  hybrids  failed  at  3,000  g  due  to  a  loose  gold  ball  bond 
to  the  gold  plated  kovar  transistor  mounting  tab,  and  another  showed  a  loose  ball 
bond  to  a  transistor  after  20,  000  g.  Only  four  of  Manufacturer  F's  hybrids  were 
mechanically  shocked,  and  after  the  20,  000  g  pulses,  no  samples  were  left  for 
30, 000  g  testing. 

Mechanical  shock  testing  at  low  g  levels  (below  10,  000)  appeal's  to  be  ineffective 
in  revealing  part  defects.  Above  10,  000  g,  it  serves  to  disclose  poor  chip  bonds  and 
wire  bonds,  but  it  is  a  difficult  test  (or  screen)  to  employ  with  large  quantities  of 
parts.  While  special  fixturing  could  be  devised  to  mechanically  shock  on  a  volume 
basis,  tight  controls  would  have  to  be  maintained  to  preclude  part  damage. 

2.  4.  4.  8  Life  Test 

Figures  8,  9,  and  10  each  have  three  life  tests  listed.  They  are  high  tempera¬ 
ture  storage,  reverse  bias  life,  and  parallel  excitation  life.  The  high  temperature 
storage  was  performed  as  a  reference  against  which  to  compare  the  other  two  life 
tests. 

2.  4.  4. 8. 1  High  Temperature  Storage  Life 

Figure  24  shows  the  test  results  for  high  temperature  storage,  beginning  at 
+  125°C  and  going  to+150°C.  The  hybrids  were  stored,  unenergized,  in  an  oven  at 
the  specified  temperature  for  the  time  duration  shown  in  the  sequence.  S/N  51  from 
Manufacturer  A  failed  after  a  total  of  2,848  hours  of  storage  (1,  264  hours  at+  125°C 
and  1, 584  hours  at  +  150°C)  due  to  a  faulty  ball  bond.  The  failure  mode  was  a  high 
vCE(sat)  at  450  milliamperes  of  collector  current.  At  zero  hour,  the  VCE/satv 
measured  0.356  volt,  and  at  the  time  of  failure,  the  VCE,gatv  had  increased  to 
0. 627  volt.  '  ' 


Two  additional  failures  occurred  after  3, 160  hours  of  storage  life.  Serial  Number 
55  failed  VCE^gatj  due  to  a  poor  chip  bond,  and  S/N  106  failed  due  to  the  loose  end  of 
a  1-mil  gold  wire  being  attached  to  outside  the  package  bottom.  This  foreign  wire 
contacted  and  shorted  with  leads  2  and  3.  The  gold  wire  was  present  since  the  hybrid 
was  manufactured,  and  in  handling  the  wire  shifted  sufficiently  to  cause  a  short  circuit. 

Serial  Number  55  had  failures  on  both  NPN  transistors  due  to  poor  chip  bonds. 
vCE(sat)  at  450  milliamperes  was  0.  360  and  0. 361  volt  initially,  and  0. 569  and  0.  615 
volt  at  failure.  When  the  internal  wire  bonds  were  checked,  during  failure  analysis, 
by  pulling  the  wires,  the  wedge  bonds  broke  at  3  grams  and  over.  When  the  chip 
bondi  were  checked  by  gentle  pushing  with  a  fine  wire,  the  NPN  transistor  chips 
popped  off  from  very  little  force. 


Manufacturer  B's  hybrids  had  no  failures  during  3,  758  hours  of  high  temperature 
storage.  Manufacturer  F  had  one  of  the  three  samples  fail  after  2,  328  hours  of 
storage  life  (1,080  at+  125'C  and  1,  248  hours  at+  150°C).  Serial  Number  11  failed  due 
to  a  broken  bond  to  an  NPN  transistor-emitter,  at  the  point  where  the  wire  was  necked 
down  for  the  wedge  bond.  The  gold  wire  wedge  appeared  to  have  aluminum  migrating 
into,  or  otfer,  the  gold.  All  the  other  gold-to-aluminum  bonds  were  then  pull  tested. 

All  broke  at  less  than  0. 1  gram,  indicating  a  serious  bonding  problem. 

2.  4.  4.  8.  2  Reverse  Bias  Life 

In  this  test,  as  many  junctions  as  possible  were  reverse  biased  during  the  life 
test  Figure  25  shows  the  test  times  and  temperatures.  At  each  test  point,  the  bias 
was  maintained  on  the  samples  until  they  reached  room  temperature.  Then,  they  were 
electrically  tested  within  four  hours  after  removal  of  the  bias. 

The  purpose  of  a  reverse  bias  life  test  was  to  determine  whether  semiconductor 
devices  incur  changes  in  electrical  characteristics  due  to  surface  inversion  or  polari¬ 
zation.  This  was  determined  by  monitoring  critical  parameters,  such  as  hFE  and 
I  in  the  case  of  transistors,  and  IR  in  the  case  of  diodes.  When  reverse  bias 
life  is  performed  with  little  current  limiting,  the  poorer  devices  often  self-destruct 
when  their  leakage  currents  become  high  enough  to  cause  high  power  dissipation,  or 
to  turn  on  a  transistor.  When  very  little  current  is  used,  extreme  caution  must  be 
used  to  eliminate  noise  or  transients  on  the  power  supplies,  which  could  inadvertently 

destroy  good  units. 

As  shown  in  Figure  25,  for  Manufacturer  A,  six  of  the  ten  samples  failed  during 
the  first  280  hours  at+  125°C,  but  then  no  further  failures  occurred  due  to  surface 
inversion  during  the  balance  of  the  3,  758  hours  of  life  testing.  These  parts  supposedly 
had  received  a  reverse  bias  burn-in  by  Manufacturer  A.  In  a  subsequent  investigation, 
into  why  these  units  had  passed,  it  was  found  that  Manufacturer  A  had: 

1.  Introduced  a  high  impedance  in  series  with  the  power  supply  to  limit  the 
current  in  the  bias  circuit, 

2.  Removed  the  bias  before  reducing  the  oven  temperature, 

3.  Not  tested  the  parts  shortly  after  removal  of  the  bias. 

While  the  supplier  had  used  no  current  limiting  earlier,  he  subsequently  added  cur 
rent  limiting  to  increase  his  yield  during  this  screen.  Had  the  supplier  introduced  cur¬ 
rent  limiting,  lowered  the  oven  temperature  before  removing  the  bias,  and  tested  the 
parts  within  8  hours,  he  would  have  exposed  the  faulty  units. 
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Manufacturer  A  had  one  other  failure  (S/N  126)  during  the  reverse  bias  life  hut 
h's  «•  »  f»«*y  ball  bond.  -fhe  failure  mode  was  high  VrF!'  *  which  was 

t!s  rr.tt  - 
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Manufacturer  B's  hybrids  had  two  failures  due  to  reverse  bias  life.  ibis  manu- 
actuiei  does  not  perform  a  reverse  bias  burn-in  on  his  parts  and  thp  fail 
predictable.  Both  failures  occurred  during  the  initial  +  125°C  life  i  a  U,JS  are 
failures  occurred  during  the  remainder  of  the  3,  758  hours.  ^  °d’  ‘™d  n°  °tht 
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Manufacturer  F  had  no  failures  due  to  surface  inversion,  but  there  was  a  reoccur¬ 
rence  of  the  bond  failures  that  were  found  during  the  storage  life  test.  Manufacturer 
F  definitely  has  a  serious  gold-to-aluminum  bonding  deficiency. 

It  was  found  that  with  reverse  bias  life  testing,  the  failures  occur  within  the  first 
few  hours  of  test.  Experience  indicates  that  nearly  all  occurred  during  the  first  168 
hours,  and  many  are  found  during  the  48  hours  of  reverse  bias  burn-in. 

Each  semiconductor  manufacturer,  each  device  type,  and  each  lot  must  be  evalu¬ 
ated  to  assure  that  the  devices  do  not  suffer  surface  inversion  effects.  rl  hese  problems 
still  predominate  in  discrete  diode  and  transistor  chips  —  even  in  1970,  when  suppliers 
claim  that  process  improvement  and  design  changes  have  eliminated  these  failure 
mechanisms. 

2.  4.  4. 8 . 3  Parallel  Excitation  Life 

In  the  parallel  excitation  life  test  condition,  each  circuit  was  driven  with  a  signal 
appropriate  to  simulate,  as  closely  as  possible,  the  worst  case  circuit  application.  All 
circuits  had  a  maximum  load  applied.  Figure  26  lists  the  times  and  temperatures  ap¬ 
plied  to  each  manufacturer's  hybrids. 

Manufacturer  A's  hybrids  had  one  failure  after  280  hours  at  +  125°C.  The  failure 
mode  was  an  increase  of  diode  reverse  current  over  the  specification  limit.  During  the 
next  time  period,  all  the  samples  were  destroyed  when  a  pulse  generator  failed,  cau¬ 
sing  each  hybrid  to  dissipate  over  one  watt.  The  heat  generated  from  the  high  power 
dissipation  slowly  melted  the  internal  leads  and  created  intermetallic  formation  at  the 
gold-to-aluminum  wire  bonds;  and  the  aluminum  metallization  on  the  transistor  chips 
also  showed  indications  of  electromigration. 

Manufacturer  B's  hybrids  registered  one  0-hour  failure  when  Serial  Number  120 
failed  to  operate  in  the  life  test  circuit.  Failure  analysis  showed  the  collector  to  be 
shorted  to  the  base  in  transistor  Qj.  After  2,  784  hours  of  life  (1,056  hours  at  +  125°C 
and  1,  728  hours  at  +  150°C),  S/N's  122  and  128  from  Manufacturer  B  showed  a  high 
leakage  at  transistor  Q3.  After  another  974  hours  of  150°C  operation,  S/N  124  also 
failed  due  to  high  leakage.  All  three  failures  acted  as  though  they  had  channels  caused 
by  an  inversion,  resulting  in  the  high  leakage  currents.  (Earlier  results  of  the  reverse 
bias  life  supported  the  hypothesis  of  channeling. ) 

Manufacturer  F's  hybrids  operated  for  3,  168  hours  with  no  failures.  But,  after 
another  1,320  hours,  three  of  the  four  hybrids  failed.  All  three  failures  were  caused 
by  loose  gold  wire  bonds.  This  same  failure  mechanism  was  found  during  high  tem¬ 
perature  storage  and  reverse  bias  life.  Manufacturer  F  clearly  has  a  time-dependent 
failure  mechanism  in  their  hybrids  due  to  faulty  wire  bonds. 
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Figure  26.  Parallel  Excitation  Life  Evaluation 


2.  4.  4.9  Internal  Wire  Bond  Pull  Tests 


A  review  of  Figures  8,  9,  and  10  shows  that,  during  all  the  stepped  stress  testing, 
6.  7  percent  of  Manufacturer  A's  150  hybrids  failed  due  to  faulty  internal  wire  bonds. 
Manufacturer  B' s  150  samples  also  had  4  percent  failure  due  to  faulty  bonds;  but, 
Manufacturer  B's  failure  mechanism  was  unique  in  that  all  six  failures  were  due  to 
detachment  of  ball  bonds  from  the  thick-film  conductor  on  the  substrate.  The  bonds 
were  all  in  the  area  where  a  transistor  chip  was  "scrubbed  in"  to  make  a  chip  bond. 
(This  bond  is  at  the  end  of  internal  lead  Number  12  in  Figure  27.)  Manufacturer  F's 
hybrids  did  not  receive  stress  levels  as  high  as  those  of  Manufacturers  A  and  B;  yet, 
these  hybrids  had  36  percent  of  the  50  samples  fail  due  to  faulty  bonds. 


Internal  wire  pull  tests  were  subsequently  performed  on  all  Manufacturer  B's  hy¬ 
brid  microcircuits  which  survived  the  stepped  stress  tests  described  in  Figure  28. 

(Note  Figure  28  is  Figure  9  repeated  for  the  reader's  convenience.)  The  pull  tests 
were  performed  on  these  samples  to  determine  the  extent  to  which  the  gold  wires 
bonded  to  gold  plated  kovar,  gold  thick -film  conductors,  aluminum  in  contact  with 
silicon  on  transistor  chips,  and  aluminum  over  silicon  dioxide  on  the  thin-film  resistor 
chips  were  degraded  due  to  the  extreme  stress  levels.  The  wire  pull  tests  were  per¬ 
formed  per  Method  2011,  Condition  D  of  MIL-STD-883.  Figures  29  through  38  por¬ 
tray  the  results  of  these  pull  tests  after  the  stepped  stress  tests.  Note  that  before  the 
pull  tests,  each  sample  was  heated  by  a  soldering  iron  to  remove  the  kovar  lid  (greater 
than  300°C) . 

*■ 

Figure  29  depicts  the  overall  bond  pull  test  results  for  all  the  surviving  units. 

Note  that  the  gram  gage  used  on  the  bond  pull  tester  had  a  scale  of  0  to  5  grams,  and 
the  pull  tester  was  set  to  not  exceed  6  grams  pull  to  prevent  damage  to  the  gage.  This 
precaution  caused  the  last  bar  on  each  chart  to  be  out  of  proportion  to  the  other  bars, 
and  emphasis  should  therefore  be  placed  on  the  wire  or  bond  failures  at  and  below 
5  grams.  Each  graph  portrays  the  distribution  of  force  required  to  break  the  wire  or 
bond  with  both  a  bar  chart  and  a  cumulative  curve  of  percent  fallout.  Figures  30  through 
35  show  wire  pull  results  for  each  test  group  in  Figure  28.  Note  that  there  is  very  little 
deviation  from  one  group  to  the  other,  indicating  that  the  applied  stresses  did  not  signi¬ 
ficantly  degrade  the  bonds. 
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nternal  Leads  Id  Manufacturer  B's  Hybrid  Microcircuit 
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Background  Data  on  Samples: 

•  Ladder  Switch  and  Drivers 

•  Manufacturer  B 

•  Survivors  of  Stepped  Stress  Testing 

•  Total  of  1,378  Wires  Pulled 


Cumulative 


_  6.0  or  Greater 

Force  Required  to  Break  Wire  or  Bond  (grams) 


Figure  29.  Overall  Bond  Pull  Tests 


Figure  30.  Wire  Bond  Pull  Tests  -  Group  1  and  2 
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figures  36,  37,  and  38  show  wire  pull  results  for  inip.-noi  i  t  *. 
as  defined  in  Figure  27  Lead  No  i  hil  t  f, Y  °  ,nteinal  leads  No.  l,  2,  and  10, 

ductor  on  the  substrate'  and  the  wedee  h  ^  t  m°nd  flaced  on  the  S°Id  thick-film  con- 
frame.  Lead  No  2  has  a  ba,  „  he  S°'d  P'ated  kovar  P"st  <*  the  lead 

the  emitter  of  a  PNP  transistor  The^fh  ?0ld  W‘re  Wedge  bond<  which  K»es  to 

the  aluminum  metallization,  on  top  of  sdlic^dioxide^ iTte™  &  bond  gni"f 
has  the  gold  ball  bond  going  to  the  aluminum  mptaii  -  t-  resistor  chip.  Lead  No.  10 

and  a  wedge  hoed  goto*  to  L  l^iT  TT 

tend  No.  10  has  the  '  'T  T™' 

a  serious  bond  problem.  '  6  weakest>  hut  neither  indicate 


?40 

3 

o 

h 


Total  of  117  Wires  Pulled 


Cumulative  °k  Fallout 


1,0  2,0  3,0  4*0  5  0  g ' 

Force  Required  to  Break  Wire  or  Bond  (grams) ' 

Figure  36.  Wire  Bond  Pull  Test  _  internal  Lead  No.  1 
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„„d,  X,n  T  C“"  conc,uded  that  ^  «PM  wire  bonds  do  not  de- 

i  *  ’  .  Cnv'r0"me"tal  testl"g.  even  at  very  high  stress  levels,  whereas 

poor  wire  bonds  continue  to  fail  all  during  testing,  as  exhibited  by  Manufacturer  F's 

history  of  microcircuit  failures.  Also  note  that  bonds  failed  at  less  than  1  gram  pull 

pasTedTo X„paS  XT  6  acceleraUon’  and  a<  than  2  grams  on  units  which 
p.  .  std  >0,000  g  acceleration.  This  indicates  that  even  at  very  high  g  levels,  accel- 

ei  atlon  does  not  crea^e  a  high  force  on  marginal  wire  bonds. 


Total  of  117  Wires  Pulled 


-30 


Cumulative- 


1,0  2*°  3*°  4.0  5.0  6.0 

Force  Required  to  Break  Wire  or  Bond  (grams) 

Figure  37.  Wire  Bond  Pull  Test- Internal  Lead  No.  2 


Failures  (%  of  Total) 


'ifPPPfWWl! 


F‘*“re  38'  "f*r®  Bond  PuH  Test  —  Internal  Lead  No. 


10 
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2.  ‘1.  5 


conclusions  on  stepped  STRESS  testing 


‘hat  a  ^1,.  cMtrMCted 

w»tL 

:-S5;=:i£rc 

aepeated  cycles  tfsfrewes  wel^wuh^^  A  and  ®  "ithstood  ‘he  high  stresses  and 

ZZTg- £2EC  (S^1"* 

However  ^M^nufachj'rer^F's ^hybrids  Ire^6"'  f3,lout  d"‘"«  ‘he  stepped  stress  tesf 

st  ered  typ.cal  high-rellabillty  products  bcca'usl*1'^'1  ltemS'  WMch  Cannot  60  c»n-  '"g' 
‘  « ZT  Md  *-«*  Hatpackagcs 

2  ;;stmg  1 44  percem  °f  the  fa"d-d  ^rsr^,"14  e,eewcai 

^he  manufacturer  has  a  oPv,:„ 

the  failures  showed  faulty  bonds)  wit hTes^^  **"**  °f 

For  these  reasons,  Manufacturer  F- ^  h,  i 

stepped  stress  testing  program  Hn  h3brid  Was  uns“itable  (in  retrosnem  r  .  ,, 
facturer,  Delco  was  unaware  of  the  s  mS.n0  Previous  experience  with  this  hybrid  n  6 
The  data  now  available  on  this  unit  indicates thm  Tf10"1  ‘he  onse*  of  contracT" 
high  precision  aircraft  navigation  system  u  h  h  “°“  prove  t0  he  unreliable  in  a’ 

cfcRngf  SCre*nS  lo  “Mre'reHilbte  h°b“fc ‘Tm  ““T  "  hiCh  ,CS,S  P‘wide  ‘he  most 
difference°Ri  ZTh  T'™'  ‘ix^' 

+  2f)n°r  rvffw  ers  ”  an^  B  hybrids  Thprmoi  u  .  ^ioO  C,  showed  no 

+  200  C  offers  some  potential  as  an  effL,  rmal  sh <*k  testing  from  -invr 

UU  g  peak.  Acceleration  in  they,  axis 
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must  be  performed  at  least  at  40,000  g  (and  preferably  above  this  level)  if  realistic 
forces  are  to  be  applied  to  internal  leads  and  chips,  and  the  integrity  of  the  bonds  is  tc 
be  reahstically  checked.  The  main  limitation  here  is  in  the  avafability  of  holdl  fix- 

‘  PerT0rm  accelerat*°''  above  40, 000  g  on  a  production  volume  basis.  Accelera- 
ons  in  the  Y,  axis  and  the  X  axis  are  detrimental  to  the  hybrid's  Integrity  and  should 

blcTtn  r  SCrVeS,,"g-  They  ca"  be  e“P^d  “  evaluation 

fecttve  but°dfflirft  t  y  f  deS‘B“8'  Mechanical  shock  appears  to  be  reasonably  ef¬ 
fective,  but  difficult  to  implement  on  flatpackages  or  dual  In-line  packages. 

nrecf  if  «emperat“f  f°  ra,6e  appears  ‘°  be  a  useful  and  v^Y  «™omicai  means  of 
precipitating  poor  wire  bonds,  chip  bonds,  and  faulty  chips,  R, verse  bias  life  is  an 

*““  7  S"een  for  b>'1bklds  that  bave  individual  transistor  and  diode  chips.  Parallel 
excitation  life  Is  useful  for  screening  out  additional  failure  mechanisms  due  to  higher 

power  dissipation  and  high  current  concentrations,  which  are  not  revealed  in  storage 
life  or  reverse  bias  life.  borage 

effect!  ^  C°ntrib“ted  t0  ^  el^ination  of  faulty  hybrids.  The  relatively 
infection  in  H  ^  ^  ^  adjudged  from  the  verification  phase  test  results 
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SECTION  III 


VERIFICATION  PHASE 


3.  1  GENERAL 


The  expressed  purpose  of  MIL-STD-883,  Test  Methods  and  Procedures  for  Micro¬ 
electronics,  was  to  establish  uniform  methods  and  procedures  for  testing  microelec¬ 
tronic  devices.  Of  specific  interest  was  Method  5004,  which  describes  a  total  lot 
screening  procedure  for  establishing  3  standard  classes  (C,  B,  and  A)  of  test  specimen 

H?nnAClaSS  designation  corresponds  to  a  higher  level  product  assurance  *  While’ 
Method  o004  ascribes  no  absolute  level  of  quality  or  reliability  to  each  standard  class 
level,  for  a  given  application,  a  lesser  risk  could  be  assumed  in  using  higher  level 
devices^  The  tradeoff,  of  course,  is  higher  cost  in  identifying  the  better  performers. 
Whiie  the  user  himself  must  choose,  the  options  remain  unclear  without  some  indica¬ 
tion  ot  the  basic  effectiveness  of  the  screening  procedures. 

The  verification  phase  generated  fallout  data  from  application  of  Method  5004 

rre"!."Bf  edUreS'  f‘rSt  f0r  the  Class  C  level-  a"d  for  the  Claes  B  and  A  levels. 

Quality  Conformance  Inspection  was  also  performed  on  identified  Class  A-level  de- 

vlces  The  specimens  tested  were  2, 249  hybrid  microcircuits  obtained  from  3  suppliers 
in  2  circuit  configurations.  For  each  environmental  or  mechanical  exposure  fallout 
was  recorded  and  failure  mechanism  determined. 

,  ™e‘e?  °°ndl‘l0"s  for  the  data  generated  during  the  verification  phase  were  well 
within  the  Umits  that  any  reliable  hybrid  microcircuit  should  be  able  to  withstand.  In 
the  study  phase,  however,  the  conditions  applied  were  more  extreme.  Hybrids  were 
accelerated  up  to  150,000  g  in  the  Yl,  Y2,  and  X  axes;  thermally  ahocked  ( 335  times) 

' ta+smwJr°m'1.*at0  +2°?’C;  temperature  c>,cled  I2'023  Mmes)  at  extremes  from 

5  to  200  C,  vibrated  up  to  100  g  peak;  mechanically  shocked  up  to  30,000  g  in  the 

i  axis;  and  life  tested  over  3,000  hours  at  ambients  up  to  +150“C.  The  resultant 
experience  gained  by  Delco  in  each  test  phase,  and  from  visits  to  Manufacturers  A 
and  B  provided  considerable  Insight  into  how  hybrid  production  uncertainties  relate 
to  performance  limitations,  particularly  those  identified  by  application  of  Method  5004. 

3.  2  DESCRIPTION  OF  CIRCUITS  USED 

Circuit  schematics  and  actual  photomicrographs  of  the  hybrid  microcircuits  tested 
are  shown  in  Figures  39  and  40.  Circuit  X,  a  Dual  Memory  Hybrid  Switch,  uses  Q, 
and  Q4  to  switch  450  mA  with  a  maximum  saturation  voltage  of  500  mV.  Its  inputs  are 
r  ven  y  ogic  levels.  Circuit  Y,  a  Ladder  Switch  and  Driver,  is  driven  by  TTL 
logic  levels  at  pin  7,  and  its  output  at  pin  3  switches  between  ground  and  a  reference 
voltage  at  pin  2.  Q,  and  Q2  operate  in  the  inverse  mode  with  2  mV  maximum  allowable 
o  fset  without  load,  and  4.  2  mV  (or  30  n  max.  series  resistance)  with  a  20kfl  load. 
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Manufacturer  A's  flatpack  is  1/4"  x  3/8"  for  Circuit  X  and  1/4"  x  1/4"  for  Cir¬ 
cuit  Y,  and  has  a  gold  plated  kovar  bottom  and  top.  The  sidewalls  are  glass  and  the 
package  is  hermetically  sealed  by  soldering  the  top  onto  a  gold  plated  kovar  window 
frame  in  a  belt  furnace.  All  chips  are  alloyed  down  to  a  ceramic  substrate  having 
thick-film  gold  conductors  on  the  top  and  thick-film  gold  on  the  bottom.  The  substrate 
itself  is  alloyed  to  the  gold  plated  kovar  package  bottom.  Resistors  in  Circuit  X  are 
entirely  thick-film  cermet.  Those  in  Circuit  Y  are  thick-film  cermet  plus  4  diffused 
resistors  in  2  silicon  chips.  Interconnects  are  made  by  0.  7-  or  1-mil  gold  flying  wires 
having  thermocompression  ball  bonds  on  one  end  and  wedge  bonds  on  the  other.  The 
chip  metallization  is  thin-film  aluminum,  and  the  lead  frame  is  gold  plated  kovar. 


a.  Circuit  X  -  Dual  Memory 
Hybrid  Switch 


b.  Circuit  Y  -  Ladder  Switch 
and  Driver 


Figure  39.  Circuit  Types  Tested 
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Manufacturer  B's  flatpack  for  Circuit  V  is  1/4"  *  i/s-  an*  u 
that  also  serves  as  the  substrale-and  a  gold  placed  kovw  ton Th^TT’0  b"lt'>m~ 
and  the  top  is  hermetically  sealed  to  a  gold  nlatpH  .  •  P.'  he  sidewalls  are  glass* 

a  belt  furnace.  The  chips  are  alloyed  down  to  the  thick-fUm gold  on'i’he^nbsIrato'^Th 
are  thl,n-fl,m  nlChr°m<i'  d^Sited  «  ^'icon  dioxide  ”  “si  1 

ba,rb„r™r;:d^ 

frame  are  the  same  att.described  for  Manufacturer  A. *"d  th* 

f'  ’ 

Manufacturer  C's  flatpack  for  Circuit  Y  is  1/4..  v 

mSTT'  its  physicai  descr‘ptiM 

tensivtTexperience  'arge'SCal<!  *«*  - 

3* 3  manufacturer  preshipment  requirements 

(sco^^r^^irriThe"1:^ cinr;:  ma" -s 

The  actual  procurement  documents  used  are  *  „dix  l  «, 1^1  r/™*™"’8' 

at  the  supplier's  faciU  IZZZrZZZZlT'  ThT'  *T  T  “'°"il°«d 

to  those  in  Method  2010.  1.  Condition  B,  of  MIL-STD -Z  °"S  Were  Similar 

3.  4  EVALUATION  OF  RESULTS 

ThP  HFf°Ut  GXperienced  in  screening  for  Class  C-level  parts  is  shown  in  Table  XI 
The  data  &re  presented  in  8  crouDincrs  alono1  with  tho  . 

Where  more  than  one  poupinTi^olt  17^0  supX  Z 

by  data  code  of  shipment  (different  production  lots)  Group  1  parts  for  »,?  S\°Uped 

arrived  in  March,  ami  Group  7  parts  in  September.  ^  ’  eXamP'e' 

inijh:rr8^  zmetz after  ,amng  the 

good  product "^Lo s s*™ ^  ^  f***  ^  SUghtly  ove*«»  *>0  STheywere 

! -  -  -ve  the 


*f°rmCirCui1t  X*  the  specified  LTPD  (Lot  Tolerance  Percent  Defective  oer  Mil  _iu 
8  10)  was  10,  with  a  max.  acceptance  number  of  3  For  Circuit  Y  the  r  a 
LTPD  was  5,  with  a  max.  acceptance  number  of  3  ’  ^  Sp6Clfied 
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Most  of  the  failures  detected  in  the  study  were  due  to  opens,  shorts,  or  improper 
hermetic  sealing.  In  Table  XI,  for  example,  the  external  visual  test  fallout  was  due 
to  missing  external  leads.  Conversely,  none  of  the  initial  electrical  test  failures 
was  catastrophic,  but  only  failure  to  meet  the  electrical  limits  of  the  procurement 
SCD.  A  high  percentage  of  failure  at  initial  electrical  inspection  was  not  uncommon 
despite  the  procurement  requirements  of  100  percent  electrical  testing  at  +25°C  and 
sample  inspection  at  temperature  extremes. 

Fallout  was  determined  by  electrical  testing,  after  each  screen,  to  detect  units 
out  of  the  SCD  limits.  Those  evidencing  catastrophic  failures  were  removed  from 
test.  Those  that  drifted  out  of  limits  but  otherwise  continued  to  operate  were  per¬ 
mitted  to  continue.  Fallout  was  noted  for  a  given  condition  only  when  a  new  failure 
was  recognized.  The  specimens  progressed  in  this  manner  from  Class  C,  to  B,  to 
A  screening.  While  this  test  sequence  for  arriving  at  Class  A  units  deviates  slightly 
from  that  of  Method  5004,  the  overall  result  is  the  same. 

It  is  apparent  with  this  test  sequence,  however,  that  a  given  environmental  or 
mechanical  test  could  influence  the  data  of  a  later  test.  Temperature  cycling,  for 
example,  could  cause  loss  of  hermeticity  before  acceleration  testing,  with  no  inter¬ 
mediate  seal  test  to  disclose  this  condition.  Wire  bonds  could  similarly  degrade 
through  temperature  cycling  to  the  point  of  opening  later  at.  30, 000  g  acceleration. 

This  consideration  makes  overall  fallout  for  each  screening  class  the  most  signifi¬ 
cant  data,  with  intermediate  figures  useful  only  as  indicators  of  approximate  fallout 
from  each  screen.  Appendix  in  has  the  detailed  test  conditions  and  test  results  in 
chronological  order  for  each  test  group,  with  a  description  of  the  failure  mechanisms 
for  each  screen  performed  during  the  verification  phase. 

The  upgrading  of  Class  C  parts  to  Class  B  and  then  A  is  depicted  in  Tables  XII 
and  Xm.  Note,  in  Table  XII,  that  Class  B  screening  is  limited  to  a  168-hour  opera¬ 
ting  burn-in  at+  125°C,  yielding  a  modest  0.  63  percent  average  fallout.  A  72-hour 
reverse  bias  burn-in  would  have  increased  the  average  loss  to  2.02  percent,  accord¬ 
ing  to  Table  XIII,  Item  10. 

The  Class  A  test  results  in  Table  XIII  are  complicated  by  acceleration  introduced 
at  various  points  in  the  screening  sequence.  In  Test  Area  4,  for  instance,  Groups  7 
and  8  were  accelerated  prior  to  mechanical  shock  to  compare  the  affect  of  a  Y]  axis 
acceleration  of  40, 000  g  with  that  of  a  Yj  axis  mechanical  shock  of  20, 000  g.  The 
comparison  gave  no  clear  edge  to  either  test,  but  did  indicate  that  both  may  be  re¬ 
quired  to  weed  out  marginal  units,  despite  the  difficulty  in  shocking  flatpacks  in 
production  quantities.  Test  results  for  Groups  6  and  7,  after  initial  Y,  axis  accelera¬ 
tion,  indicated  loose  ball  bonds,  loose  transistor  chips,  and  broken  wires  at  points 
where  bonding  tools  form  wedge  bonds. 
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-  i’uallrl  I-xciCMkmi  0| 

-  Ser  table  XI. 


Xin)-  Groups  7  and  8  show  a  5  n  and^'lg  ^  demo"strated  in  Test  Area  13  (Table 
sure  to  a  second  4u,  000  g,  V,  axis  acceleration  i°SS’  rGSpectively*  ^ter  expo- 
broken  wedge  bonds  and  an  open  ball  bond  going  to  T  mechanisms  here  were 
lion  IeVbls  higher  than  the  30,000  g  specified  in  MpiOh  LT?  metallizatio"-  Accelera- 

properly  exercise  weak  wire,  chin  and  k  od  °004  are  dearly  needed  to 

accelerated  without  damage  at  over  100  000  e  lifth  ^  f  Hybl  ids  of  this  size  were 
*  he  40,000  g  limit  shown  in  the  tables  was  the  ^  refere"Ced  contract’s  study  phase. 
Gon  flxturing  available  during  this  phase  maximu™  obtainable  with  the  produc- 

formed,  results  iS^thaHhirtypo  testing  ^ho  Wb  T'*  ^  W“  ^  ^ 
production  parts.  For  production  units  it  is  y  W  be  hmited  to  evaluating  non¬ 
acceleration,  all  internal  leads  are  not  VedresseTbv^^™^  8l"Ce  ***  Y*  axis 
home  remain  so  deformed  as  to  remain  in  contact  LU  ,Eequent  1 1  3X155  acceleration, 
ductors  on  the  substrate,  even  after  exposure  to  an  no  °  1P  edges’  or  shorted  to  con- 
Moreover,  not  a.,  .shorts  were  j^*“  ^  Y'  —• 

manifested  only  at -55°C  or  +  125°C  Still  nth  c  electrical  test,  but  were 

complete  shorting  on.  ,»  later  application  *"  e'“,rteal  tests'  •-»  •» 

dadiographic  examination  in  2  axes  with  a  TV 
a  screening  tool.  The  typical  hybrid  is  effecting  d  ‘°  be  i”eBectiv<!  as 

nect  wires  and  chips  and  relatively  thick  lids  and!  h  d  by  mu,tileveled  intercon- 
appeared  to  contain  large  foreign  bodies  which  U  8  r?teS*  Many  Units  examined 
Of  the  firmly  atlached  gold  eutectic.  In  ihese  cases™  s^rT!'5,  Sh°W"  ”*  part 
side  a  chip's  outline  during  scrubbing  f  "  sf  .1  ,ght  r,dgl"g  was  created  out- 
hybrid's  operation,  in  o.ifer  cases  th^  ap  ’  „  “ TV  a“d  ,hlS  d0eS  "°l  ha™  the 
created  by  solder  wetting  the  packaee  lid  °f  3  arge  f°reign  obJect  was 

silicon  and  aluminum  showed  poorly  on  X-rays'*  and  ma'  °"  the  °ther  hand' 
bridge  conductors  can  still  be  too  small  to  sro  under  X-ray?  'arge  e"°Ugh  ‘° 

is  given  in  Tab,e  XIV,  which 

out.  Test  item  7  Indicates  the  importance  of  final  Jm*  '°B8eB  ‘°  reflect  overal>  *«»- 
-55"  and  +  I25-C,  of  all  parts  likel?to  operate  a?Lch V*  electrical  testing,  at 

Table  XI,  pre-class  C  electrical  test  looses  ranged  from  rtol^Tn**''6"1'8' 
aged  o,  15  percent  at  -55’C  and  0. 8  percent  at  +  125T  t  ,  '  percent'  and  aver- 

screcning,  additional  electrical  test  lo«=».  'a?0'  Table  ^  after  all 

averaged  1, 19  percent  at  -55"C  and  2.  7  perc^nTaUlM-a10  ''  “  °<!rCent' 

formance  f°r  Quality  Con- 

after  they  had  completed  Class  A  screening  This  lot  °f  e&Ch  °f  the  8  P^P8 

cent  screening  by  itself  is  not  completely  effecTfi  °  "B.Pe,';“on  proves  thal  100  per- 

— •>  •••■ 

*?*TZZl*™:>ZeS'  <EPT)  Pr°gram-  “B6d  Bl  ^ironies  as  par.  of 
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Table  XIV.  Class  A  Screening  Test  Results,  Re-Presented  for  Clarity 


TEST  AREA 


ImiM 

CoaditioM 


Qm  A 
Sum 
Tm I 


TEST  DESCRIPTION 


Ckasa  Tyaa/Mfi  Cud, 


T«l  Saaipls  DatribuUoa 
JTo4dSauM>2470  laiu) 

TWttiaJ  Shock  pa 
MIL-STD483,  Marked  101 1 
Coad.  C:  13  Cyctai -43°C 
«o  *liO^C,  LMaidto-Ligud 
Etattncal  |  *1S\ 


KSSSHtatood  2001; 

30.000  lo  40,000  j  ii  Yj 


Ltactncal 


|  *2S\ 


Bmn-la*  par  MIL  STD483. 
MMtaid  1015,  Coad.  D; 

72  Main  u  «U3°C 


Etactncd 


[  ♦23°C 


«mt»  Rtas  lunrlii  par 

MIL-STD «S3,  Marked  1013, 
Q»d.  A;  72  Moan  »i  *I30T 


Etactncta 


I 


♦2SeC 


MIL-STD483,  Mattata  2002. 

rra*"1””"- 

Etartrteta  ]  a23 ’C  ~ 


MEAS 


% 

Lou 


Fta*  Sad  Tm  nr 
MIL  STM83.  Marked  1014. 
Co^.  A;  Mu.  Laak  Rata  of 
I*  Ifr7  Atai-cc/t 


Crou  Sad  Tm  par 
MIL-STD4S3, 1 
Load.  C,  Sup  2 


1014, 


EtacMcM 


SS°C 


♦I23°C 


iSMS'™" 


Eataraal  Vinal  la^ariioa 
^ar^  MIL -STD-443, 


I  2004 


Tf~r~ 

2 

3 

4 

3 

6 

rr~ 

8 

A  VP. 

'  loss 

X/A 

V/A 

y/a 

Y/« 

VIC 

V* 

Id 

164 

193 

304 

494 

439 

87 

*— 

i 

041 

B 

D 

0.23 

0.44 

1.14 

1 

0.24 

2.04 

14.9 

2.19 

a 

747 

30.8 

NP 

NP 

117 

1 

■ 

1.10 

0.33 

0.23 

B 

1.22 

B 

0.28 

1.70 

B 

2.23 

3.41 

0.27 

B 

Ml 

2.02 

2JJ 

294 

SJ2 

1.00 

Ml 

B 

134 

3.73 

8.32 

4J4 

14.7 

1.12 

0.33 

i 

1.34 

0 

1.16 

2.89 

| 

113 

m 

D 

m 

1.28 

a 

1.16 

12.0 

zs 

Hfri 

33 

^Bjt  *  M 

IS 

mS 

Pi 

“W 

048  | 

Efi 

r*l'4 

~nr 

D 

D 

D 

D 

a 

a 

a 

D 

a 

D 

D 

D 

D 

D 

a 

B 

B 

■ 

~ 

27  j0 

14.0 

24.3 

33.4 

30.4 

I00»» 

4M 

S 

— 

—  - 

— 

- 

-  —i  . 

—  _  . 

62J 

71.7 

214 

14  3 

23.4 

20.3 

30.4 

124 

31.4 

•--teufta0”'' 
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Figure  41.  Distribution  of  Failure  Mechani 


sm  for  Test  Group  1 


Tol»l  l-aiioui  *  78.79; 


Figure  42.  Distribution  of  Failure  Mechanism 


for  Test  Groun  2 


Total  Fallout  *  21J% 


Figure  43. 


Distribution  of  Failure  Mechanism  for  Test  Group  3 


Figure  44.  Distribution  of  Failure  Mechanism  for  Test  Group  4 
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Total  Fallout  «  25.4% 

•  Includai  Claat  C,  B,  and  A 
Scrwning  Loun 

®  Owt  Not  Include  Incomitw 
Inspection  and  FPT  Losses 

Elacltkal 


Figure  45.  Distribution  of  Failure  Mechanism  for  Test  Group  5 
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OiimmM  IraniMiuf 


Serin  Resistance 
Oreuti  n 

♦2J',Cus.|2J\ 

(41 


Gold  tom 
Bond  Full 

111 


Totei  Fallout  =  1 2.6* 

*  Include!  Clus  C,  B.  and  A 
Screening  Lours 

•  Does  Not  Include  Itnomii^ 

Inspection  and  EPT  Losses 


Figure  48.  Distribution  of  Failure  Mechanism  for  Test  Group 


(5)  1.2%  \  ©  12% 


©  J.*%\ 


©  46.1% 


figure  49.  Overall  Failure  Mechanism  Distribution  (31. 4  %  Averaeel 

for  All  Test  Groups 


..r  by  ,he  —  - — — 

•ed  by  Dele,  In  this  contracts  ,17^  “£  «me  manufacturers,  and  evalua¬ 
te  again  bo  the  more  fragile  hut  l„ah  „.,  i,'  * esul,; b  showed  Manufacturer  A’s  product 
seal  loss,  even  at  high  Xt's  leveT  r„  ‘°  ‘elatlvel>'  hermetic 

ah  owed  no  apparent  phyaicu.  or  mechanical  U>e“  and 

ducted  by  the  same  personnel.  ‘  test  Programs  were  con- 

mar  ily  in  his  controUf^  ^  Wlr®  b°nding  Proble™,  pri- 

those  where  gold  wires  terminated  at  gold  Dlated  IT  ^  CyCl6'  Failure  Points  were 
and  at  thin-film  aluminum.  The  priuefoai  fad  °Var’  &t  thick"film  W  conductors, 
at  thin-film  aluminum,  specifically  at  the  "wedcre"^^8  the  Wedge  bonds  made 
the  bonding  tool.  These  occurrences  cannot  h  ^  i-  Shaped  mdentation  created  with 
screening  techniques.  Such  bonds  degradl  l  Thill  ^  ““  °f  aVailabIe 

(but  below  +  125°C),  or  where  temoeraturf  ambients  significantly  above  +25°C 

application,  this  situation  ^  by  the  devices-  * 

to  be  the  predominant  failure  mechanism  in  both  T  T™1  Wlre  bonding  appears 
gives  a  detailed  breakdown  of  the  failure  merh  .  “bly  and  field  losses-  Appendix  IV 
inspection;  Class  C,  Class  B  a  d  Asti?™  ^  ^  for  Incoming 

Inspection.  ’  ClaSS  A  SCreeninS:  and  for  EPT  Quality  Conformance 


3*  °  PRECAP  internal- visual  INSPECTTOM 

rerrementS  *"  “  la  a  -mca, 

In^ctio"  per  condition  A  (or  B)  of  Method^  10.  llTMlnT^SSS’'  fCrnal-':lsual 

“•  -*•  — „rr^“rr 


l'  16,1,18  10  ‘nterPret  Me‘tad  2010  -q«lrements 

2'  .‘rSPeCt0rS.al  a  speclflc  manufacturer  differ  amone  them„..».  „  - 


tion  criteria, 


among  themselves  on  rejec- 


3'  ITL01  the  tatf  rpreta“™s  ‘Shore  the  literal  intent  of  MfL-STD-883 
and  become  only  g„als  to  strive  for  rather  than  «rm  reaction ^m/la. 

specified  precap  Into rn a vta  wtUnsptct (17 re  ™  a"ufac  lurer ' 8  interpretation  of  the 
reviewed.  It  was  often  found  that  althn  k  J  c  l0n  criteria  had  to  be  carefully 

tion  of  precap  internal-visual  requirements"  Ty  wereTt 
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The  purpose  of  the  review  of  a  manufacturer's  inspection  criteria  must  therefore 

M.£sTDU-8e8 lntrPret‘ng  ‘he  1 <*  Method  *010. 1  of 

MIL  STD-883.  Specific  additions  and  exceptions  must  be  specifically  negotiated, 

depending  on  design  and  construction  of  a  specific  manufacturer's  hybrids8 


3.  6  CONCLUSIONS  ON  SCREENING  EFFECTIVENESS 


Screening  of  hybrid  microcircuits  can  be  an  effective  aid  to  product  assurance  if 
properly  administered.  This  study  shows  Method  5004  of  MIL-STD-883  to  be  an 
excellent  format  for  such  screening,  effecting  average  fallouts  of  6.53  percent  for 

areSaSs Allows7  ^  B’  **  31*  4  p6rCent  f°r  ClaSS  A'  Related  findings 


Yj  Axis  Acceleration  -  A  necessary  procedure,  best  performed  at  the 

ghest  g  level  possible  for  each  hybrid  configuration,  after  all  processing 
other  than  hermetic  seal  testing.  e 


•  Y2  Axis  Acceleration  -  Not  recommended  on  a  100  percent  screening 
basis.  Some  internal  leads  are  forced  close  to  chip  edges  and  down  to 
other  conductors,  causing  potential  shorts  that  are  not  necessarily  cor¬ 
rected  by  Yt  axis  acceleration. 

•  Reverse  Bias  Burn-In  -  Important  in  screening  and  testing  circuits  that 
use  discrete  devices.  The  devices,  however,  will  heal  themselves 
before  detection  unless  oven  temperature  is  reduced  to  25° C  ambient 

before  bias  removal,  and  parts  are  electrically  tested  within  8  hours  of 
bias  removal. 

•  Mechanical  Shock  vs  Acceleration  -  Not  interchangeable  as  to  results  ob¬ 
tained.  Acceleration  exposes  weak  wire  bonds,  faulty  substrate  bonds, 

and  bad  chip  bonds.  Mechanical  shock  exposes  additional  potential  fail¬ 
ures  due  to  improper  assembly. 

•  Wire  Bonding  —  A  highly  critical  area  of  hybrid  microcircuit  production 
Suppliers  should  perform  stringent  internal  wire  bond-pull  tests  hourly  ’ 
on  each  multichip  hybrid  bonder  during  the  actual  production  process. 
Unless  all  of  a  sample's  wires  are  pulled  there  is  no  assurance  that  all 
chips,  metallizations,  platings,  and  thick-films  are  bondable.  Sample 
bond-pull  tests  should  also  be  performed  after  hermetic  sealing  and  all 
screen  tests  to  detect  any  subsequent  bond  degradation.  Good  bonds  do 
not  degrade  significantly. 


•  Supplier  Process  Control  —  Appears  to  place  insufficient  emphasis  on 

obtaining  consistently  reliable  wire  bonds,  chip  bonds,  and  hermetic 
seals. 


•  100  Percent  Screening  -  By  itself,  not  completely  effective  in  excluding 

au  ty  and  marginal  units.  To  assess  the  quality  of  each  specific  hybrid 
lot,  a  sample  should  be  pulled  for  Quality  Conformance  Inspection. 


x 
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•  Hybrid  Microcircuit  Reliability  —  Variable  by  part  and  lot,  even  from 
the  same  source  over  brief  periods.  The  diversity  of  hybrid  part  and 
material  sources  introduces  many  variables  into  the  manufacturing  cycle. 
I  he  effect  of  these  variables  can  be  greatly  minimized  by  exposing  each 
hybrid  to  a  systematic  program  of  Method  5004  screening  and  subsequent 
sampling  for  Quality  Conformance  Inspection. 

•  Packaging  — A  chronic  troublespot  in  hybrid  microcircuit  manufacturing, 
as  evidenced  by  hermetic  seal  failures.  Manufacturers  should  commit 
themselves  to  obtaining  better  packages  and  performing  stringent  incom¬ 
ing  inspection  tests  of  the  hybrid  packages  before  introducing  them  in 
assembly.  Designers  must  also  specify  large  enough  packages  to  allow 
the  use  of  reliable  packages.  This  policy  will  assure  the  package's 
ability  to  withstand  mechanical  and  environmental  requirements,  and 
survive  through  assembly  into  systems. 

•  Precap  Internal- Visual  Inspection—  An  effective  screen  if  the  rejection 
criteria  of  Method  2010.  1,  MIL-STD-883,  is  enforced.  Rejection 
criteria  must  be  reviewed  with  each  manufacturer  to  assure  a  mutual 
understanding  of  what  is,  and  is  not,  acceptable. 
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SECTION  IV 


CONCLUSIONS 


4.  1  GENERAL 


sr.SSSiSSs'HSrcSr?' 

cannot  be  given  becle 

tolerate  depend  not  only  on  the  eomponents  used  in  that  hybrid  brt  ltao'01'0''""’1  T 

i\z:xistreas  ,eve,s  may  n<>t 

large  packages,  may  not  be  able  to  25^^^  in 

situation  would  conflict  with  the  intent  of  screens,  which  is  to: 

Apply  stress  levels  high  enough  to  accelerate  failure  mechanisms  and 
thereby  fail  unreliable  devices  during  short  term  screen  tests.  ’ 

“iMS  ‘eVelS  be‘°W  11,056  ^  "'°“W 


1. 


ktssktjk^issS^ISs 

cycle  to  assure  consistency  in  producing  reliable  substrate,  chip,  and  wire  tads! 


circ„?ca?wPPfs,ta“:rv  hi^Ust  T  !“  3  Pr°Per*  ted  W-*-  -in™- 

representative  of  well  constructed  1/4"  x  l/8"  and  1/4’^x  .l/  “kvhriH  Tk  ?,"  "a“ 

taken  on  the  l"x  1"  hybrid,  however  is  indi™*.,,  ,  h>brids-  The  data 

bear  on  high  stress  testing  nf  u  u  ! j  ^  yielded  no  significant  data  to 

into  systems  Add, J-"  566  -I- 

hybrids  for  use  in  future  systems!8  re,“lred  ‘°  eS‘ab"Sh  the  Capabllltles  »f  such  large 
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Ih® !  verification  phase  testing  showed  that  screening  of  hybrid  microcircuits  can 
be  an  effective  aid  to  product  assurance  if  properly  administered.  By  itself,  100  per¬ 
cent  screening  is  not  completely  effective  in  excluding  faulty  and  marginal  units  To 
assess  the  effectiveness  of  the  screening  of  each  specific  hybrid  lot,  a  sample  should 
be  pulled  for  quality  assurance  inspection.  Hybrid  microcircuit  reliability  varies  by 
part  and  lot,  even  from  the  same  source  over  brief  periods.  The  diversity  of  hybrid 
part  and  material  sources  introduces  many  variables  into  the  manufacturing  cycle 
The  effect  of  these  variables  can  be  greatly  minimized  by  exposing  each  hybrid  to  a 

systematic  program  of  screening  and  subsequent  sampling  for  quality  conformance 
inspection. 


OPTIMUM  SET  OF  QUALIFICATION  PR  PC  EDUR  ES 


I  he  following  procedures  are  recommended  as  a  result  of  the  study  and  verifica¬ 
tion  phase  of  this  contract.  The  hybrid  microcircuits  used  as  a  basis  for  these  recom¬ 
mendations  were  relatively  simple  and  packaged  in  1/4"  x  1/8",  1/4"  x  1/4",  and  1/4" 
x  3/8"  hermetically  sealed  flatpackages.  Additional  experience  was  obtained  with  a 
lxi  flatpackage  hybrid,  but  was  of  limited  value  because  of  the  device’s  poor  quality. 


4.  2.  1  IN-PROCESS  SCREENING 


Table  XVI  is  a  list  of  screening  procedures  which  are  basically  taken  from  Method 
5004  of  MIL-STD-883,  but  modified  to  incorporate  information  gathered  during  this 
contract.  Screen  Items  1  and  2,  bond  strength-interconnects  and  bond  strength-chips, 
are  very  important  tests  for  large-package  hybrid  microcircuits  which  cannot  with¬ 
stand  extreme  thermal  shock  and  temperature  cycles  and  high  g  level-mechanical 
shock  and  centrifuging.  These  in-process  screens  serve  to  detect  weak  bonds,  which 
are  primary  failure  mechanisms  that  are  difficult  to  eliminate,  by  screening,  during 
the  manufacturing  cycle.  These  two  tests  must  be  so  performed  as  to  monitor  each 
and  every  bonding  machine,  each  operator,  each  wire  material  and  size,  and  each  bond 
to  the  various  chips  used. 


4.  2.  1, 1  Bond  Strength  (Interconnects! 


Bond  strength  testing  is  to  be  conducted,  for  the  specified  device  class  and  LTPD 
by  using  Conditions  B,  C,  D,  or  F  of  Method  2011  of  MIL-STD-883,  as  applicable  to  ’ 
the  particular  device  construction.  The  LTPD  and  acceptance  numbers  specified  for 
the  bond  strength  test  determine  the  minimum  sample  size  in  terms  of  the  minimum 
number  of  bond  pulls  to  be  accomplished,  rather  than  the  number  of  complete  devices 
in  the  sample  (except  that  the  required  number  of  bond  pulls  shall  be  contained  in  a 
minimum  of  10  devices).  All  bonds  pulled  are  to  be  counted  and  the  specified  sampling, 
acceptance,  and  added  sample  provisions  observed,  as  applicable.  Every  bond  in  the 
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II 


Table  XVI.  Recommended  Screen  Test  Procedures  per  MIL-STD-883 


SCIIKKN  1  KST 


The  radiographic  (Item  16)  and  hermetlclty  (Item  14)  screens  may  be  performed  In  any  sequence  after  Item  13. 

All  devices  must  be  bond  strength  tested,  the  extent  of  which  aha II  be  a  function  of  g  level  uaed  during  the  centrifuge 
screen.  (See  Item  13.)  Where  package  site  reatrlcta  the  g  level  to  40,000  or  below,  a  tight  aamptlngplan  la 
recommended.  Where  a  device  Is  centrifuged  below  20,000  g  the  Claaa  A  devices  should  he  100  percent  bond  atre  -h 
tested,  using  nondestructive  methods. 

Unless  otherwise  specified,  the  external  vtaual  Inspection  need  not  Include  measurement  of  physical  dimensions. 

I kirn-ln  conditions  should  be  established  through  testing  to  determine  the  moat  effective  such  screen  for  each  type  of 
device.  ( This  Is  necessary  since  some  devices  are  beat  screened  with  reverse-bias  burn-in,  some  are  best  burned- 
in  at  full- load  operation,  etc.) 


©  This  electrical  tell 
can  be  icrformed  * 


(?)  Per  applicable  p 

©  CAUTION:  In  cae» 
load  UN 
r«j!tlr*# 


Table  XVIII.  Recommended  Group  A  Quality  Conformance  Test  Procedures 


CLASS  "C" 


I 


REQUIREMENT 


100% 


100% 


100% 


100% 


100% 


100% 


100% 


Note© 


100% 


ITEM 

TEST 

TYPE 

CONDITIONS 

CLASS  A 
LTPD 

CLASS  B 

LTPD 

CLASS  C 

LTPD 

1 

Electrical  Tests  at  25"C 

e  Static 
e  Dynamic 
e  Functional 

Per  Applicable 

Procurement 

Document 

5 

Max.  Acceptance 
No.  5 

7 

Max.  Acceptance 
No.  5 

10 

Max.  Acceptance 
No.  18 

2 

Electrical  Tests  at  Maxi¬ 
mum  and  Minimum  Rated 
Operating  Temperature: 

e  Static 
e  Dynamic 
e  Functional 

Per  Applicable 

Procurement 

Document 

5 

Max.  Acceptance 
No.  10 

10 

Max.  Acceptance 
No.  18 

15 

Max.  Acceptance 
No.  18  ' 

_ 1 

Table  XIX.  Recommended  Group  B  Quality  Conformance  Test  Procedures 


ITEM 

TEST 

METHODS  OF 
MIL-STD-883 

CONDITIONS 

CLASS  A 

LTPD 

CLASS  B 

LTPD 

CLASS  C 

LTPD 

1 

Physical  Dimensions 

2008 

Test  Condition  A 

2 

Marking  Permanency 

2008 

Test  Condition  B  (Para.  3.  2. 1) 

a 

Visual  and  Mechanical 

2008 

Test  Condition  B 

4 

Temperature  Cycling 

1010 

Test  Condition  C 

5 

Burn-In 

1015 

7 

10 

15 

6 

Acceleration 

2001 

Y|  Plane,  40.000  g  (min.) 

(See  Para. 

4.  2.  2.  1) 

(See  Para. 

4.  2.  2.  2) 

(See  Para. 

4.  2.  2.  3) 

7 

Lead  Fatigue 

2004 

Test  Condition  Bj 

Electrical: 

e  Static 

8 

e  Dynamic 

e  Functional 

Hermetic  Seal: 

1014 

' 

9 

e  Fine 

Test  Condition  A  or  B 

e  Gross 

Test  Condition  C.  Step  2 

10 

Internal  Visual 

2010 

Condition  A  for  Class  A 

Condition  B  for  Class  B  and  C 

11 

Bond  Strength: 

•  Interconnects 

•  Chips 

2011 

(See  Para.  4.  2.  1.  1. ) 

(See  Para.  4.  2.  1.  2. ) 

(See  Para. 
4.2.2.  1.) 

pee  Para. 

4.  2.  2.  2. ) 

(See  Para. 
4.2.2. 3.) 

I  12)  after  reverie  bln  burn- In  may  be  eliminated  If  the  2S*C  final  electrlcil  teita  (Item  15) 

0  houre  ifter  removal  of  the  reverie  blae  (Item  11). 

:  document. 

1  *  l»rge  group  of  parte  le  placed  in  thermal  ehock  or  temperature  cycling,  the  large  thermal 
1  can  Invalidate  the  teet  unleee  the  equipment  uaed  haa  eufflclent  capacity  to  maintain  the 
return  otremee.  ' 
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microcircuit  must  be  pulled.  Any  bond  pulled  which  fails  under  an  applied  stress  less 
than  that  indicated  in  Table  XVII  constitutes  a  failure.  (See  MIL-STD-883,  Method 
5005,  Paragraph  3. 7. ) 

Table  XVII.  Required  Bond  Strength  for  Indicated  Test  Conditions  and  Wire  Type 


TEST 

WIRE  TYPE 

REQUIRED  MIN. 
BOND  STRENGTH 
(grams) 

CONDITION 

COMPOSITION 

CONSTRUCTION 

B 

Au  or  A1 

Wire  or  Beam  Lead 
( 1-mil  wire) 

15 

C 

A1 

Beam  Lead 

2 

C 

Au 

Beam  Lead 

6 

C  or  D 

A1 

Wire  ( 1  mil) 

1 

C  or  D 

Au 

Wire  ( 1  mil) 

3 

F 

Any 

Flip-Chip 

5  x  No.  of  Bonds 

F 

Any 

Beam  Lead 

5  x  No.  of  Beams 

4.  2.  1.  2  Bond  Strength  (Chips) 

The  sample  used  here  may  be  the  same  as  that  used  for  the  interconnect  bond 
strength  tests.  This  test  is  not  applicable  to  flip-chips  or  beam  leads;  use  Paragraph 
4.2. 1. 1  for  these.  Chip  bond  strength  testing  must  be  conducted  for  the  specified 
device  class  and  LTPD  of  the  procurement  document.  The  chip  bond  test  is  performed 
as  follows: 

•  The  inspector,  using  a  small  wire  or  stick  (toothpick),  pokes  the  semi¬ 
conductor,  capacitor,  and  resistor  chips  to  determine  if  they  are 
securely  bonded. 

•  Semiconductor  chip  bond  is  secure  if  the  chip  does  not  pop  off  from 
pushing. 

A  good  semiconductor  chip  bond  would  result  in  the  silicon  fracturing,  leaving  the 
si  lie  on-to- substrate  bond  intact. 

For  capacitor  and  resistor  chips,  the  evaluation  becomes  more  difficult.  The 
definition  of  a  failure  of  capacitor  and  resistor  chip  bonds  must  be  negotiated  to  be 
some  number  of  grams  shear.  This  test  is  very  similar  to  Condition  F  (bond  shear 
for  flip-chips)  of  Method  2011  of  MIL-STD-883. 
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4.  2.  1.  :s  rl  emperalure  Cycling 


Item  6  in  Table  XVI, 
replaced  by  thermal  shoe 
accordance  with  Item  5. 


temperature  cycling  for  Class  B  and  C  devices,  may  be 
k,  Method  loll  of  MIL-STD-  33,  Condition  B  (minimum)  in 


4.  2.  1.4  Reverse  Bias  Burn-In 


I  he  requirement  for  cooldown  under  bias  is  recommended,  and  the  parts  must  be 
tested  w ithin  8  hours  after  removal  of  bias.  The  reverse  bias  burn-in  of  Item  11  is 
required  only  when  specified  in  the  applicable  procurement  document,  and  is  recom¬ 
mended  only  for  discrete  diodes;  transistors  and  capacitors;  and  certain  MOS  linear 

or  other  elements  in  the  hybrid  microcircuits  where  surface  sensitivity  may  be  of 
concern.  J 

4.  2.  1.  5  Electrical  Measurements 


4.  2.  1.  5.  1  Interim  Electrical  Parameters 

Electrical  testing  must  be  performed  as  indicated  in  Items  8  and  10  ,  to  remove  de¬ 
fective  devices  prior  to  further  testing,  or  to  provide  a  basis  for  application  of  percent 
defective  a  11° w able  (PDA)  criteria  when  a  PDA  is  specified.  This  test  need  not  include 
all  specified  device  parameters,  but  must  include  those  measurements  that  are  most 
sensitive  to,  and  effective  in,  removing  electrically  defective  devices.  When  delta 
limit  measurements  are  required,  they  must  be  specified  in  the  applicable  procure¬ 
ment  document  and  included  as  interim  electrical  measurements.  When  delta  limit 
measurements  are  specified,  the  procedures  for  device  traceability  must  be  specified 
in  the  applicable  procurement  document. 

4.  2.  1.  5.  2  Final  Electrical  Measurements 

Final  electrical  testing  of  microcircuits  assures  that  the  microcircuits  tested  meet 
e  e  ectrical  requirements  of  the  applicable  procurement  document.  It  must  include 
as  a  minimum,  tests  of  all  parameters  and  limits  and  conditions  of  test  which  are 
specifically  identified  in  the  detail  specification  or  drawing  as  final  electrical  test 
requirements. 

4.  2.  1.  5.  3  Functional  Test(s) 

Functional  test(s)  must  be  performed  as  specified  in  the  applicable  procurement 
document;  and  when  applicable,  must  consist  of  measurement  of  the  relationship  between 
inputs  and  outputs  contained  in  the  truth  table(s).  Measurements  and  sequence  of  test 
must  be  specified  in  the  applicable  procurement  document. 
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4.  2.  1. 5. 4  Data  Reporting 

Data  must  be  reported  as  required  by  the  applicable  procurement. 

4.  2.  1.  5. 5  Failure  Analysis. 

When  required  by  the  applicable  procurement  document,  failure  analysis  of  devices 

re!,eCt  +udUJlng  anyrtest  in  the  screening  sequence  must  be  accomplished  in  accordance 
mth  Method  5003  of  MIL-STD-883.  Requirements  for  such  analysis  should,  in  general 
be  limited  to  sufficient  examination  of  devices  to  establish  primary  modes  or  mecha¬ 
nisms  of  failure,  and  provide  corrective  action  information. 

4.  2.  1.  5.  6  Defective  Devices 

All  devices  which  fail  to  comply  with  the  requirements  of  any  screen  or  of  the 
applicable  procurement  document,  must  be  removed  from  the  lot.  Once  rejected  and 
verified  as  a  device  failuie,  such  devices  must  not  be  retested  for  acceptance. 

4.  2.  2  LOT  QUALIFICATION 

acQ  The  qualification,  or  quality  conformance  inspection,  tests  specified  in  MIL-STD- 
883,  Method  5005,  are  normally  performed  by  the  microcircuit  manufacturer  Delco 
Electronics  prefers  to  perform  these  lot  qualification  tests  in-house  to  assure  better 
control  of  the  lots.  Delco  negotiates  the  lot  rejection  criteria  with  the  manufacturer 
and,  when  there  is  an  unscreenable  failure,  the  lot  is  returned  to  the  supplier  for 
scrapping.  It  is  therefore  recommended  that  the  lot  qualification  be  directed  "to  be 

performed  by  the  user  where  the  manufacturer  obligates  himself  to  accept  return  of 
the  lots  that  fail. " 

Tables  XVIII  and  XIX  show  recommended  Group  A  and  B  tests  for  lot  qualification. 
The  recommended  Group  C  tests  are  those  stated  in  Method  5005  of  MIL-STD-883. 

.  .Jf1.6  ^ualification  and  quality  conformance  inspection  procedures  shown  are  in¬ 

tended  to  assure  that  the  device  and  lot  quality  conforms  with  the  requirements  of  the 
applicable  procurement  document.  The  full  requirements  of  Group  A  B  and  C  tests 

"he  event^f  nnaret  U8®  *“  deViCe  WlXteMon,  ^qualification  in 

the  event  of  product  or  process  change,  and  periodic  testing  for  retention  of  qualifica¬ 
tion  Group  A  and  B  tests  and  inspections  are  intended  for  quality  conformance  in¬ 
spection  of  individual  inspection  lots  as  a  condition  for  acceptance  for  delivery  In 
general  it  is  intended  that  the  device  class  to  which  qualification  or  quality  conformance 

coZTtZ  ^  ^  thG  Same  dCViCe  ClESS  t0  WhiCh  SCr6ening  P^edures  are 
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The  Group  A  tests  in  Table  XVIII  are  divided  into  two  subgroups.  Item  1  includes 
all  the  electrical  tests  at  25°C,  and  Item  2  includes  all  the  electrical  tests  at  the  maxi¬ 
mum  and  minimum  rated  operating  temperatures.  The  static,  dynamic,  and  func¬ 
tional  tests  are  tests  that  can  be  programmed  on  an  automatic  microcircuit  tester. 

If  the  lot  fails  the  Group  A  LTPD  test  level  for  the  respective  class,  the  lot  must  be 
100  percent  screened  to  eliminate  the  faulty  devices. 

The  Group  B  test  sequence  in  Table  XIX,  which  is  quite  different  from  that  in 
Method  5005  of  MIL-STD-883,  has  proven  to  be  very  effective  in  testing  parts  at  Delco 
Electronics.  The  Group  B  test  order  should  be  precisely  as  shown  in  the  table.  The 
parts  and  initial  electrical  data  for  Group  B  should  come  from  the  Group  A  parts. 

4.  2.  2.  1  Class  A  Lot  Qualification  Inspection  Levels  for  Group  B  Tests 

The  sample  size  and  inspection  levels  for  the  Group  B  tests  for  Class  A  parts 
should  be  as  follows; 

•  For  Items  1  through  9  in  the  table,  the  sample  inspection  should  be  to  an 
LTPD  of  7,  with  a  maximum  acceptance  number  of  zero  for  lots  of  greater 
than  200  parts.  For  lots  of  200  parts  or  less,  the  sample  size  should  be  at 
least  12  percent  of  the  lot,  with  a  minimum  sample  size  of  12. 

•  For  Items  10  and  11,  the  sample  size  should  be  one-half  of  the  sample 
from  Items  1  through  9,  with  one  allowable  failure.  For  example,  one 
bond  failure  would  allow  acceptance  of  the  lot;  two  bond  failures  would  be 
cause  for  rejection;  or  one  bond  failure  aod  one  visual  failure  would  con¬ 
stitute  a  reject. 

4.  2.  2.  2  Class  B  Lot  Qualification  Inspection  Levels  for  Group  B  Tests 

The  sample  size  and  inspection  levels  for  the  Group  B  tests  for  Class  B  parts 
should  be  as  follows; 

•  For  Items  1  through  9  in  the  table,  the  sample  inspection  should  be  to 
an  LTPD  of  10,  with  a  maximum  acceptance  of  zero  for  lots  of  greater 
than  200  parts.  For  lots  of  200  parts  or  less,  the  sample  size  should  be 
at  least  10  percent  of  the  lot,  with  a  minimum  sample  size  of  10. 

•  For  Items  10  and  11,  the  sample  size  should  be  one-half  of  the  sample 
from  Items  1  through  9,  with  one  allowable  failure. 

4.  2.  2.  3  Class  C  Lot  Qualification  Inspection  Levels  for  Group  B  Tests 

The  sample  size  and  inspection  levels  for  the  Group  B  tests  for  Class  C  parts 
should  be  as  follows; 
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•  For  Items  1  through  9  in  the  table,  the  sample  inspection  should  be  to  an 
LTPD  of  15,  with  a  maximum  acceptance  number  of  zero  for  lots  of 
greater  than  200  parts.  For  lots  of  200  parts  or  less,  the  sample  size 
should  be  at  least  7  percent  of  the  lot,  with  a  minimum  sample  size  of  7. 

•  For  Items  10  and  11,  the  sample  size  should  be  one-half  of  the  sample  from 
Items  1  through  9,  with  one  allowable  failure. 

4.  2.  2.  4  Disposition  of  Lots 

Lots  which  pass  the  Group  A  and  B  tests  should  be  considered  suitable  for  use 
at  the  respective  class  parts  or  below.  Lots  which  fail  the  Group  A  tests  may  be 
screened  to  eliminate  the  out-of-specification  units.  Lots  which  fail  the  Group  B 
inspection  should  be  rejected.  The  failures  in  Group  P  inspection  should  be  failur 
analyzed  to  define  the  failure  mechanism,  and  action  should  be  taken  to  correct  the 
problem. 

On  lots  which  pass  the  lot  acceptance  criteria  of  Groups  A  and  B,  the  unopened 
samples  which  meet  all  the  procurement  documents  could  be  used  for  production. 

4.3  SOURCE  INSPECTION 


Delco  Electronics-Milwaukee  Operations  dispatched  engineers,  experienced  in 
microcircuits,  out  in  the  field  to  serve  as  source  inspectors  at  the  microcircuit 
manufacturers'  facilities  early  in  1970.  The  resultant  experience  proved  to  be  a 
great  aid  in  obtaining  the  level  of  quality  and  reliability  required  in  Delco  hybrids. 
During  this  source  inspection,  the  experienced  engineers  monitored  the  manufacturer 
during  his  processing  of  Delco  parts,  and  provided  the  foundation  of  a  negotiated 
agreement  to  perform  precap  internal  visual  inspection  on  all  products  to  assure  that 
they  would  meet  the  proper  criteria  (which  was  basically  the  precap  internal  visual 
inspection  requirements  of  MIL-STD-683,  Method  2010. 1).  These  personnel  also 
made  available  a  Delco  representative  to  assure  that  the  specification  requirements 
were  read  and  correctly  interpreted,  and  that  the  product  was  furnished  in  accordance 
with  the  proper  requirements.  Due  to  the  relatively  high  turnover  rate  of  personnel 
in  the  semiconductor  industry,  these  resident  source  inspectors  also  provided  contin¬ 
uity  in  the  supplier's  attention  to  Delco  requirements,  thereby  creating  another  possible 
avenue  for  maintaining  qualification  of  a  supplier  on  high  reliability  programs. 


la 
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4- 1 2 *  4  COST  FACTORS  FOR  SCREENING  AND  LOT  QUALIFICATION 


rIhe  costs  attributable  to  screening  and  lot  qualification  of  hybrid  microcircuits 
are  complex,  interrelated,  and  hence  difficult  to  establish.  Prices  vary  substantially 
with  business  trends,  competition,  potential  and  present  volume,  attitude  of  hybrid 
salesmen,  attitude  of  hybrid  manufacturers,  fallout  of  hybrids  during  screening,  cost 
of  hybrids,  actual  test  costs,  and  other  subtleties.  For  example,  if  a  manufacturer's 
test  facilities  were  not  being  fully  utilized,  his  screening  costs  would  be  lower  since  it 
would  be  unnecessary  to  procure  additional  screening  facilities.  Similarly,  if  a  manu¬ 
facturer  knew  that  he  was  the  sole  source  of  supply  for  a  particular  hybrid,  his 
screening  costs  should  be  expected  to  be  high. 

Screening  and  lot  acceptance  costs  would  be  high  if  a  manufacturer  knew  that  the 
user  would  be  performing  incoming  inspection  tests  to  monitor  the  effectiveness  of 
the  manufacturer's  testing.  The  screening  and  lot  acceptance  costs  would  also  be 
high  if  the  manufacturer  has  poor  process  control,  which  would  ultimately  result  in 
higher  fallout  in  screens. 

Therefore,  any  breakdown  of  screening  and  lot  qualification  costs  would  have 
little  meaning  or  application,  especially  for  hybrid  microcircuits  which  vary  in  com¬ 
plexity  from  very  simple  types  to  very  complex  circuits  embodying  materials  from 
many  sources.  Of  more  meaningful  value  would  be  an  indication  of  the  time  it  takes 
to  test  hybrid  microcircuits,  as  reflected  in  the  experience  of  Delco  Electronics. 

4.4.1  COST  DEFINITION 

It  is  important  to  realize  that  the  costs  of  screening  and  lot  qualification  de¬ 
scribed  herein  are  not  necessarily  costs  "in  addition  to  overall  costs"  of  the  system 
using  hybrids.  Properly  controlled  screening  and  lot  qualification  ultimately  result  in 
lower  system  costs  due: 

1.  Decreased  time  in  troubleshooting  assemblies  and  replacing  defective 
parts  to  get  the  system  operating  after  the  hybrids  are  installed. 

2.  Fewer  callbacks  and  returns  for  warranty  repairs. 

In  a  program  having  reliability  requirements  (which  must  be  achieved  or  the  sys¬ 

tem  must  be  repaired  without  charge),  the  use  of  screening  and  lot  qualification  is 
necessary  to  hold  down  overall  system  costs.  Therefore,  the  indicated  costs  for 
screening  and  lot  qualification  should  be  regarded  as  "investment  costs"  which  will 
ultimately  be  recouped  as  fewer  faulty  hybrids  get  into  assemblies. 
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4.4.2  COST  VS.  LOT  SIZE 

Tables  XX  and  XXI  are  compilations  of  cost  factors  for  Screen  Tests  and  Lot 
Acceptance  Tests,  respectively.  The  "cost  factors"  are  estimates  of  equii  <  it  se 
time  and  the  time  it  takes  to  perform  the  respective  test.  After  the  hybrid  ha.-  '  an 
hermetically  sealed,  the  estimates  are  based  on  performance  of  all  the  screens 
(other  than  fine  and  gross  hermetic  seal  testing)  with  the  hybrid  in  a  carrier,  which 
protects  the  leads  from  damage  and  promotes  ease  in  handling.  The  estimates  in 
Table  XX  were  based  on  the  screens  proposed  in  Paragraph  4.2.1. 


As  expected,  the  unit  costs  of  screening  and  lot  qualification  are  considerably 
less  when  devices  are  processed  in  volume.  The  costs  of  screening  up  to  50  parts  are 
little  different  than  for  100  parts;  whereas,  the  screening  of  thousands  of  parts  requires 
equipment  to  handle  the  parts  more  efficiently  but  ultimately  results  in  decreasing  cost 
per  part. 

Highest  costs  in  lot  qualification  are  incurred  on  lots  of  less  than  200  pieces; 
whereas,  for  lots  greater  than  200  prices,  increasing  the  lot  size  has  no  added  effect 
on  lot  qualification  cost  (provided  that  the  lots  pass  the  tests).  It  is  advantageous  to 
strive  for  maximum  inspection  lot  sizes,  as  defined  in  MIL-M-38510,  to  reduce  the 
overall  number  of  lots  to  be  qualified.  No  attempt  is  made  to  incorporate  added  costs 
due  to  fallout  in  the  tables.  It  is  assumed  that  facilities  are  in  existence  and  avail¬ 
able  to  perform  the  lot  qualification  tests.  As  indicated  in  Table  XXI,  the  lot  qualifi¬ 
cation  cost  elements  for  all  reliability  classes  are  the  parts  which  are  tested  and  not 
used  in  production  (destructive  tests),  the  facilities  used,  and  the  man-hours  expended 
in  performing  the  qualification  tests. 

4.5  VENDOR  QUALIFICATION 

Procedures  for  establishing  hybrid  microcircuit  vendor  qualification,  including 
specific  requirements  for  test  and  analysis  facilities,  product  traceability,  error 
determination,  and  failure  mode  data  accumulation,  are  the  same  as  those  for  mono¬ 
lithic  integrated  circuit  vendors,  except  that  the  emphasis  must  now  be  on  the  additional 
materials  comprising  the  more  complex  hybrid  microcircuit.  That  the  hybrid  is  more 
complex  makes  it  all  the  more  important  that  the  user  assure  himself  that  the  manufac¬ 
turer  has  a  good  quality  control  program.  It  is  also  important  that  the  manufacturer 
have  a  well  documented  and  controlled  fabrication  process. 
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Table  XX  (Sheet  1  of  3)  Screen  t«o+  ^ 

'*  screen  Test  Cost  Factors  for 
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**  Final  electrical  tests  (Item  15)  will  be  performed  within  8  hours  after  removal  of  bias  (in  Item  11); 
therefore,  this  test  not  necessary. 


Table  XX  (Sheet  3  of  3).  Screen  Test  Cost  Factors  for  3  Class  Levels  of  Part  Reliability 
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Table  XXI.  Lot  Acceptance  Test  Cost  Factors  for  3  Class  Levels  of  Part  Reliability 


TEST  DESCRIPTION 

TYPE  OF 

RELIABILITY 

COST  ELEMENTS 

SAMPLING 

CLASS  LEVEL 

PARTS  NOT  USABLE 

HOURS  TEST  EQUIP 
IS  IN  USE 

MAN-HOURS 

IIEQl  IRE D  TO 

GROUP 

TYPE 
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NOTES: 

(T)  Corresponds  to  LTPD  of  15,  max  acceptance  number  of  0 

©  Corresponds  to  LTPD  of  10,  max  acceptance  number  of  0 

©  Corresponds  to  LTPD  of  7,  max  acceptance  number  of  0 

©  Corresponds  to  LTPD  of  5,  max  acceptance  number  of  0 
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The  ultimate  criteria  of  a  vendor's  qualification  is  his  ability  to  meet  the  Groups 
A,  B,  and  C  testing,  as  described  in  the  optimum  procedures  section  (Paragraph  4.  2) 
for  hybrid  microcircuits.  We  recommend,  as  a  specific  document,  the  material  re¬ 
ported  in  the  Final  Report,  "Qualification  Procedures  for  Integrated  Devices"  Volume II 
(Technical  Report  No.  RADC-TR-68-315,  January  1969),  the  section  entitled  "Vendor 
Qualification  Requirements  for  Suppliers  of  Monolithic  Microcircuits"  prepared  by 
Philco-Ford  Corporation  for  Rome  Air  Development  Center  under  Contract  A  F  30  (602)- 
4282.  These  procedures  are  applicable  to  hybrid  microcircuit  manufacturers. 


4.  6  PRODUCT  QUALIFICATION 

Detailed  procedures  for  establishing  product  qualification,  including  specific 
method  of  test  sample  selection,  sequence  of  tests,  sample  size,  criteria  for  dequali¬ 
fication,  methods  for  resubmission  and  requalifications  are  found  in  MIL-M-38510, 
"Military  Specification  —  General  Specification  for  Microcircuits"  dated  20  November 
1969.  MIL-M-38510  is  recommended  for  use  with  hybrid  microcircuits,  with  the 

following  changes:  Where  MIL-M-38510  refers  to  Methods  5004  and  5005  of  MIL-STD- 
883,  it  is  recommended  that  the  optimum  qualification  procedures  in  Paragraph  4.  2 
of  this  report  be  substituted.  With  reference  to  Paragraph  3.  1.  3.  d  in  MIL-M-38510, 
defining  electrically  and  structurally  similar  microcircuits,  hybrids  occur  in  so  many 
different  forms  that  few  are  classifiable  as  electrically  and  structurally  similar.  They 
have  different  layouts,  sizes  of  components  mounted  on  the  substrates,  sources  for 
materials  used  in  the  hybrids,  and  equipment  used  in  assembling.  Since  it  is  generally 
the  case  that  hybrid  microcircuits  are,  and  will  be,  electrically  and  structurally  dis¬ 
similar,  as  a  general  rule,  different  hybrid  microcircuits  cannot  be  qualified  by 
similarity. 

Product  qualification  of  limited  usage  hybrids  (less  than  200  devices)  becomes  very 
costly  and  cannot  be  performed  using  statistically  valid  sample  sizes  to  assure  a  certain 
level  of  quality.  The  minimum  sample  sizes  that  must  be  used  for  product  qualification 
are  those  outlined  in  Section  4.  2,  2  for  Group  A  and  B  testing.  Using  this  guideline,  the 
Group  A  testing  will  often  be  performed  on  100  percent  of  the  samples,  using  the 
LTPD's  called  out  and  the  hyper  geometric  sampling  plans  for  small  lot  sizes  (described 
in  Appendix  B  of  MIL-M-38510).  The  recommended  Group  B  sample  size  is  as  outlined 
in  Paragraph  4. 2.  2.  The  recommended  Group  C  sample  size  is  the  same  as  those  for 
the  first  nine  tests  in  Group  B.  Additional  cost  savings  may  be  achieved  by  combining 
subgroups  1,  2,  and  3,  and  subgroups  5  and  6  in  Group  C  to  restrict  the  sample  size. 
The  Group  C  rejection  criteria  should  be  the  same  as  outlined  in  Paragraph  4.  2.  2 
for  the  Group  B  tests. 
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APPENDIX  I 


HYBRID  MICROCIRCUIT  PROCUREMENT  DOCUMENTS 
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APPENDIX  1A 

SPECIFICATION  CONTROL  DRAWING 
FOR  MEMORY  HYBRID  SWITCH 
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FIGURE  1  CASE  OUTLINE 
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OURRENT  FLOWS:  AT  ♦25°C,  370mA 
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THROUCH  COLLECTOR  OF  Q3  OR  Q4. 
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FIGURE  3  (CONTINUED) 

SWITCH  NG  TIMES  TEST  CIRCUIT 
/.NO  WAVEFORMS 
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MEASURED  WITH  DICDE  SWITCHING  TIME  TESTER 
TEHTRON IX  TYPE  291,  PULSE  GENERATOR  HP 
MODEL  21 5A  AND  SAMPLING  SCOPE  TEHTRCI1IX 
MODEL  567 


FIGURE  5 
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RlQUIREMENTS: 

1.  GENERAL : 

A.  INTERPRET  DRAWING  IN  ACCORDANCE  WITH  STANDARDS 
PRESCRIBED  BY  Ml L-D-IOOO. 

B.  DEVICES  SHALL  BE  IN  ACCORDANCE  WITH  SPECIFICATION 
ST 1 000  WITH  CATEGORY  AND  MANUFACTURER'S  TYPE 
DESIGNATED  IN  TABLE  I. 

C.  DEVICES  SHALL  BE  SHIPPED  IN  CARRIERS  DESCRIBED  IN 
FIGURE  4.  THE  DEVICE  LEADS  SHALL  NOT  EXTEND  OVER 
THE  EDGE  OF  THE  BARNES  CARRIER. 

D.  DEVICES  SHALL  BE  IN  ACCORDANCE  WITH  THE  CURRENT  NEGO¬ 
TIATED  CRITICAL  PROCESS  LIST  PER  PARA  3.2  OF  ST1000. 

2.  INSPECT  I  ON  CY  SUPPLIER: 

A.  ELECTRICAL  SPECIFICATIONS  PER  THE  REQUIREMENTS  OF 
ST  1 000  AND  TABLE  II. 


3.  DESIGN: 

A.  STORAGE  TEMPERATURE  RANGE:  -65°C  TO  +150°C. 

B.  OPERATING  AMBIENT  TEMPERATURE  RANGE:  -55°C  TO 
♦125°C. 

C.  ELECTRICAL  RATINGS  PER  TABLE  I. 

D.  THERMAL  RESISTANCE: 

(1)  0jc  (JUNCTION  TO  CASE) :  100°C/WATT  MAXIMUM. 

(2)  0JA  (JUNCTION  TO  AMBIENT):  200°C/WATT  MAXIMUM. 

E.  ELECTRICAL  SPECIFICATIONS  PER  TABLE  II. 

F.  CASE  OUTLINE  AND  DIMENSIONS  PER  FIGURE  1. 

G.  SCHEMATIC  DIAGRAM  PER  FIGURE  2. 

H.  THE  PNP  TRANSISTORS  SHALL  BE  ELECTRICALLY  SIMILAR  TO 
A  2N3505  TRANSISTOR. 

J.  THE  KPN  TRANSISTORS  SHALL  BE  ELECTRICALLY  SIMILAR  TO 
A  2N3725  TRAN’S  1 3T0R. 

K.  THE  DIODES  SHALL  BE  ELECTRICALLY  SIMILAR  TO  A 
1N4610  DIODE. 

L.  THE  RESISTORS  SHALL  HAVE  A  MAXIMUM  TEMPERATURE 
COEFFICIENT  OF  300  PPM/°C. 


SiZf 

CODE  IDENT.  KO. 

f. 
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SCALE 
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:QU I REMENTS :  (CONTINUED) 

4.  SPECIAL  CONDITIONING  BY  SUPPLIER  (STIOOC,  CATEGORY  2 
PARTS  ONLY) 

A.  UNITS  SHALL  BE  V-T  STRESSED  FOR  168  HOURS  MINI  MUM  AT 
♦125°C  AND  THE  FOLLOWING  CONDITIONS: 

(1)  PINS  4,  6,  9,  11  AND  12  CONNECTED  TO  GROUND. 

(2)  CONNECT  PINS  2,  5,  7,  8,  10  AND  14  TO  *40V. 

(3)  CONNECT  PIN  1  1HR0UGH  2000  OHMS  TO  GROUND. 

UPON  COMPLETION  OF  THE  TEST  TIME,  THE  VOLTAGE  SHALE 
3t  maintained  uniti-  the  devices  have  REACHED  ROOM 
AMBIENT  CONDITIONS,  parameters  shall  be  measured 
WITHIN  8  HOURS  AFTER  REMOVAL  OF  THE  VOLTAGE. 


SUGGESTED  SCURCE(S)  OF  SUPPLY: 


SUE  I  CC3E  lOENT.  NO. 


A  99974 


SC*U  NONE  |  REV  ITS  |_| 
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NOTES: 

1.  POSITIVE  CURRENT  FLOW  SHALL  BE  DEFINED  AG  CURRENT  GOING 
INTO  THE  FIN.  "V(n)"  DESIGNATES  A  VOLTAGE  MEASURED  AT 
PIN  (n).  TEST  CONDITION  TOLERANCES  SHALL  BE  ±  0.2 %  FOR 
ALL  VOLTAGES,  AND  ±  0.3%  FOR  ALL  CURRENTS.  RESISTOR 
VALUES  SHALL  BE  ±  0.1%  FOR  ALL  TEST  CONDITIONS.  ALL 
TESTS  ARE  PERFORMED  USING  PULSES  (NOT  STEADY  STATE  D.C.). 

2.  PULSED  CONDITIONS  (NOT  STEADY  STATE  D.C.)  50%  DUTY  CYCLE 
AT  f  =  500KH7. 

3.  PINS  1,  3,  7  TOGETHER  TO  +45  VOLTS. 

4.  PINS  1,  8,  13  TOGETHER  TO  +45  VOLTS. 

5.  PINS  11,  12  TIED  TOGETHER  AND  TO  -2  VOLTS. 

6.  PINS  11,  12  TIED  TOGETHER  TO  A  VARIABLE  RESISTOR  WHICH  IS 
CONNECTED  TO  -30  VOLTS.  ADJUST  THE  VARIABLE  RESISTOR 
UNTIL  450  mA  MINIMUM  FLOWS  INTO  PIN  8. 

7.  CONNECT  PIN  4  TO  A  VARIABLE  RESISTOR  WHICH  IS  CONNECTED 
TO  -30  VOLTS.  ADJUST  THE  VARIABLE  RESISTOR  UNTIL  450  mA 
MINIMUM  FLOWS  INTO  PIN  7. 

8.  75.0  OHMS  TO  +6.00  VOLTS. 

9.  TO  BE  SPEC  IF ILD. 


APPENDIX  IB 

SPECIFICATION  CONTROL  DRAWING 
FOR  LADDER  SWITCH  AND  DRIVER 
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THE  PART  NUMBER  IS  THE  DRAWING  NUMBER  PLUS  THE  APPLICABLE  DASH  NUMBER. 


rSILJ - IcVsURED1  AT  ±  VC  UHLCSS  OTHE  R»ISr  Sf 


TABLE  II  (CONTINUED) 

NOTE  1  ELECTRICAL  CHARACTERISTICS,  MEASURED  AT  *25  ±  3°C  UNLESS  OTHERWISE  SPECIFIED 

MEASURED  I  VOLTAGE  APPLIED  AT  TERMINAL  J 

PARAMETER  SYMBOL  AT  _ (DC  UNLESS  OTHERWISE  NOTED) _  LIMIT  UNITS 


l£E"0"|  8  ♦A.O  —  I  *0.4  |  |  2. 82  MA  MAX 

ICC"0"  6  *4.0  —  -15,  O'  *0.4  ♦sTtf  "GRD  -1 , 31  MA  MAX 


CASH 

NO. 

PARAMETER 

OFFSET  VOLTAGE 

THRU 

(25°C:) 

-004 

SERIES  RESISTANCE 
(25°r) 

LEAK/.GE  CURRENT 

TURN-ON  DELAY 

TURN-OFF  DELAY 

OFFSET  VOLTAGE  AT 
-55°C  AND  ♦125°C 

SERIES  RESISTANCE 

AT  -E5°C  AND  +125°C 

TURN-ON  AND  TURN¬ 
OFF  CURRENT 
TRANSIENT  DURATION 

LOGIC  ”0”  INPUT 
CURRENT 

POWER  SUPPLY  DRAIN 
CURRENTS 

SYMBOL  LTPD 


td-ON 


iL  •• 


lccn0" 


MAXIMUM 

ACCEPTANCE 

NUMBER 


100%  INSPECTION 


100%  INSPECTION 


100%  INSPECTION 


100%  INSPECTION 


100%  INSPECTION 


100%  INSPECTION 


100%  INSPECTION 


coot  IDENT.  NO. 

99974 


SCALE  NONE 
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REQUIREMENTS: 

1.  GENERAL: 

A.  INTERPRET  DRAWING  IN  ACCORDANCE  WITH  STANDARDS 
PRESCRIBED  BY  MIL-D-IOOO. 

B.  DEVICES  SHALL  BE  IN  ACCORDANCE  WITH  SPECIFICATION 
STIOOO  WITH  CATEGORY  AND  MANUFACTURER’S  TYPE 
DESIGNATED  IN  TABLE  I. 

C.  DEVICES  SHALL  BE  SHIPPED  INCARR'ERS  DESCRIBED 
IN  PIGURE  G.  DEVICE  LEADS  SHALL  NOT  EXTEND 
BEYOND  THE  ENDS  OF  THE  CARRIER. 

2.  INSPECTION  BY  SUPPLIER: 

A.  ELECTRICAL  SPECIFICATIONS  PER  THE  REQUIREMENTS  OF 
STIOOO  AND  TABLES  II  AND  III. 

B.  CATEGORY  2  DEVICES  SHALL  BE  BURNED  IN  PER  THE  CIRCUIT 
OF  FIGURE  4  AT  Ta  =  ♦125°C  FOR  168  HOURS  MINIMUM. 


3.  DESIGN: 

A.  OPERATING  TEMPERATURE  RANGE:  -55°C  TO  ♦125#C. 

B.  ELECTRICAL  RATINGS  PER  TABLES  I  AND  II. 

C.  CASE  OUTLINE  AND  DIMENSIONS  PER  FIGURE  1. 

D.  SCHEMATIC  AND  CONRLbllUN  DIAGRAM  PER  FIGURE  2. 

E.  LEAD  ARRANGEMENT  PER  FIGURE  1. 

F.  STORAGE  TEMPERATURE  RANGE:  -65°C  TO  ♦150°C. 

G.  THERMAL  RESISTANCE: 

(1)  0jc  (JUNCTION  TO  CASE):  TO  BE  SPECIFIED  BY 


SUPPLIER 

(2)  Gja  (JUNCTION  TO  AMBIENT):  TO  BE  SPECIFIED  BY 
SUPPLIER 


SIZE 

A 

CODE  IDBNT.  NO. 

99974 

SCALE 

HONE 

KEV  L 

"  H 

SHEET  /£  | 
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SUGGESTED  SOURCE(S)  OF  SUPPLY: 


NGTES: 

1.  POSITIVE  CURRENT  FLOW  SHALL  BE  DEFINED  AS  CURRENT  GOING 
INTO  THE  PIN.  TEST  CONDITION  TOLERANCES  SHALL  BE  ±  0.2* 
FOR  ALL  VOLTAGES,  AND  ±  0.3*  FOR  ALL  CURRENTS.  RESISTOR 
VALUES  SHALL  BE  1  0.1*  FOR  ALL  EXTERNAL  TEST  CONDITIONS. 
ALL  CURRENTS  AND  VOLTAGES  ARE  DIRECT  CURRENT  UNLESS 
OTHERWISE  SPECIFIED.  ALTERNATING  CURRENTS  AND  VOLTAGES 
ARE  SPECIFIED  AS  RMS  VALUES  AND  FREQUENCY  IS  100  HZ 
UNLESS  OTHERWISE  SPECIFIED. 

2.  THE  -005  PART  IS  IDENTICAL  TO  THE  -003  PART  AND  THE  -OOB 
PART  IS  IDENTICAL  TO  THE  -004  PART  EXCEPT  THE  CASE 
WIDTH  DIMENSION  IN  FIGURE  1  SHALL  BE  .240  TO  .275 
INSTEAD  OF  .240  TO  .290  INCH.  NOTE:  DO  NOT  USE  THE 
-005  AND  -006  PART  IN  NEW  DESIGNS. 


size 

A 

CODE  IDENT.  NO. 

99974 

SCALE 

MONK 

MV  LT«  £ 

SHEET  \3  | 
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APPENDIX  IC 

GENERAL  SPECIFICATION  FOR  SEMICONDUCTOR  DEVICES 
AND  ADDENDUM  H  (CATEGORY  2) 
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1.  SCOPE 


1.1  SCOPE.  Oils  specification  covers  the  requirements  for  semiconductor  devices. 

1.2  CLASSIFICATION.  Specific  requirements  for  a  particular  category  of  semicon¬ 
ductor  devices  are  classified  as  follows. 


a. 

b. 


c. 

d. 


Category  1  devices  shall  meet  the  requirements  of  Addendum  1. 

Category  2:  Category  2  devices  shall  meet  the  requirements  of  Addendum  2. 

Category  3:  Category  3  devices  shatl  meet  the  requirements  of  Addendum  3. 

Category  4j  Category  4  devices  shall  meet  the  requirements  of  Addendum  4. 


2,  APPLICABLE  DOCUMENTS 


2. 1  Hie  following  documents  shall  form  a  part  of  this  specification  to  the  extent  specified 
herein.  Reference  to  these  documents  within  this  specification  shall  be  construed  an  meaning 
the  issue  or  revision  specified  In  this  applicable  document  list.  When  an  Issue  or  revision  Is 
not  specified  within  this  specification,  the  latest  Issue  or  revision  of  the  referenced  document 
shall  apply. 

SPECIFICATIONS 


Military 


MIL-Q-9858A  Quality  Program  Requirements 

MIL-S-19500D  Semiconductor  Devices,  Oenerat  Specification  for 

Amend  6,  Supp  1C, 

Change  Notice  1 


MIL-C-4S662A  Calibration  System  Requirements 

AC  Electronics 

STltfll  General  Soedflcatlon,  Levels  for  Nuolear  Environments 

STANDARDS 


Military 

MIL-8TD-202C  Test  Methods  for  Electronlo  and  Electrical 

Change  Notice  l,  2  1 3  Component  Parts 
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MIL-STD-750A 
Change  Notice  1  &  2 


MJL-STp-883 
chMii.oT.ol  cc  1 
MIL-5TD-127GA 


2.2  ORDER  OF  PRECEDENCE, 
shall  apply: 


Test  Methods  for  Semiconductor  Devices 

Test  Methods  and  Procedures  for  Microelectronics 
Weldable  Leads  for  Electronic  Components  Parts 
In  case  of  conflict,  the  following  order  of  precedence 


a.  Purchase  Order 

b.  Negotiated  critical  processes  (when  applicable) 
o.  The  detail  Specification  Control  Drawing  (SCE) 

d.  This  specification 

e.  Other  referenced  documents 
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3.  REQUIREMENTS 

3.1  GENERAL.  Devices  furnished  under  this  specification  shall  be  capable  of  (see 
6.2.6)  meeting  the  requirements  of  Specification  M1L-S- 19600  with  the  following  additions 
and  exceptions  Including  those  of  the  detail  SCD  (see  6.2.S). 

3. 1. 1  Marking.  As  a  minimum,  each  device  shall  be  marked  with  the  following  informa¬ 
tion  : 

a.  Manufacturer's  name,  trademark,  or  symbol. 

b.  Manufacturer's  type  designation. 

c.  Date  code  placed  on  the  part  or  identified  In  packaging.  The  date  code  shall 
Identify  the  week  the  device  was  final  sealed.  It  shall  consist  of  3  or  4  digits  identifying  the  week 
and  year.  Example:  xxyy  or  xyy  where  x  would  be  the  year  and  y  would  be  the  week. 

d.  A  delta  (A)  or  dot  placed  on  the  device  after  burn  in  when  burn  In  is  specified  on 
the  detail  SCD.  If  the  device  already  has  a  dot  for  Pin  1  location  or  polarity  a  delta  (A)  or 
additional  dot  muet  be  used  to  indicate  burn  in. 

e.  Polarity  marking  indicating  cathode  end  on  dtodee.  Where  a  dot  le  used  to  identify 
diode  polarity,  the  burn  in  dot  shall  appear  either  on  the  cathode  end  or  in  the  center  of  the  diode 
body. 

3. 1. 1. 1  Method.  Each  device  ahall  be  marked  using  one  of  the  following  methods.  The 
marking  method  shall  not  degrade  the  functional  parameters  of  the  device : 

a.  Preferred.  Permanent  and  legible  etching,  stamping,  stenciling,  or  engraving 
on  the  body  of  the  device. 

b.  Alternate.  Pressure  sensitive  adhesive  labels  attached  to  the  body  of  the  device. 
Printing  on  the  label  shrill  contrast  noticeably  with  the  color  of  the  label.  Labels  ehall  adhere 
firmly  to  the  device  and  printing  shall  remain  legible  during  and  after  subjection  of  the  device 
to  the  environmental  and  life  requirements  of  this  specification,  and  after  storage  at  room 
ambient  conditions  for  four  years. 

c.  For  flat  packages  and  dual  In  line  packages  marking  is  to  be  on  the  top  side 
l.e. ,  the  side  opposite  the  principle  base  (chip  mounting  base). 

3.1.2  Failure  modes.  The  supplier  shall  notify  the  buyer  of  any  failure  modes,  potential 
or  existing,  that  can  compromise  the  reliability  or  performance  of  parts  furnished  under  thte 
specification.  Such  notification  shall  be  given  either  immediately,  when  the  failure  mode(e) 
are  Identified,  or  prior  to  the  first  shipment  of  the  devices. 
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3.  l.  3  Environmental  and  mechanical  requirements.  With  the  apeciflc  conditions  stated 
In  Table  I,  the  environmental  and  mechanical  requirements  shall  be  as  specified  In  4.5.3. 

3.1.4  Qualification,  The  semiconductor  devices  fumle'.ted  to  this  specification  shall  be 
capable  of  meeting  the  qualification  requirements  of  Specification  MIL-S- 19500. 

3.1.5  Lot  traceability.  The  manufacturer's  date  code  or  serialization  of  Individual 
devices  shall  provide  lot  tr  ceablllty  from  the  buyer  to  tho  manufacturer's  production  lot 
(see  6.2.11). 

3. 1. 6  Shelf  life.  The  devices  shall  be  capable  of  withstanding  shelf  storsge  at  room 
ambient  conditions  for  four  years  minimum  and  meet  the  requirements  of  the  detail  8CD  after 
this  time  period. 

3.1.7  Contamination  control.  The  entire  volume  Inside  the  package  shall  be  free  of  any 
material  or  residue,  loose  or  attached  which  may  be  Injurious  to  or  limit  In  any  way  the  per¬ 
formance  or  reliability  of  the  device. 

3.2  PROCESS  CONTROL.  Process  control  shall  be  as  specified  In  the  applicable  adden¬ 
dum. 

3.3  COMPLIANCE  DATA.  Compliance  data  requirements  shall  be  as  specified  In  tbs 
applicable  addendum. 

3.4  LEAD  AND  TERMINAL  MATERIALS.  Leads  and  terminals  of  devices  prooessed  to 
this  apeolflcatlon  shall  be  as  specified  In  the  applicable  addendum.  The  leads  and  terminals 
shall  show  no  evidence  of  twists,  kinks,  or  other  Imperfections  under  visual  examination. 
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TABLE  1 

GROUP  B  INSPECTION 


Moisture  Resistance 


EXAMINATION  OR  TEST 


Solderablllty 
Temperature  Cycling 

Thermal  Shock 
Hermetic  Seal 


CONDITIONS 


MIL-STD-750  Method 


II 


SDeclflc  Conditions 


2026  Specified  in  4. 5. 3. 1  of  ST1000 

MIL-STD-883  Method  Transfer  time  l  minute  max 
1010  Cond  C 


10S6  Cond  A 


0*  +5*.  -0*  to  100*  +0\  -5* 


MIL- STD-202  Method  Procedure  I,  n,  m  or  IV  for 


112  Cond  C  or 


fine  leak,  Cond  A  or  B  for 


M1L-STD-88S  Method  gross  leak.  Backfill  pressure 


1014  Cond  A  or  B 
C  or  D 


Vibration  Fatigue 
Vibration,  Variable  Frequency 


Constant  Acceleration 


Lead  Pull  (for  other  than  flat  2036  Cond  A 
packages) 

Lead  Pull  (for  flat  packages  only)  2036  Cond  A 


Bending  Stress  (for  other  than 
flat  packages) 

Bending  Stress  (for  flat  packages 
only) 

Torque 

Barometric  Pressure 

Salt  Atmosphere 

HI  Temp  Voltage  Stress 
Nonoperating  HI  Temp  Life 
Operating  Life 


2036  Cond  E 


2036  Cond  D 

MIL- STD-202 
106  Cond  E 


26  pslg.  Min.  leakage  rate  - 
10"  8  atm-cc/sec  max 

The  initial  conditioning  may  be 
omitted. 

G  -  1500,  6  blows  nonoperating, 
0.5  msec,  orientations  Xlt  Yj, 
zl>  y2  20  blows 

Nonoperating 


Q-20, 000,  orientation  Xi,  Yj, 

Y2.  Zj 

4  lb  axial  pull  30  sec  per  4. 6. 3. 2 
of  ST1000 

12  os  axial  pull  30  sec  per 
4. 6. 3. 3  of  ST1000 

Per  4.6 . 3. 4  of  ST1000 
2  bends  psr  4. 6. 3. 1  of  8T1000 
Per  4.6.3. 6  of  8T1000 


Per  4. 6. 3.6  ofSTlOOO 
Per  4.6.3. T  of  8T1000 
[Per  4.6. 3.6  of  8T1000 
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4.  QUALITY  ASSURANCE  PROVISIONS 

COOS  IDIMT  HO.  99974 

4. 1  GENERAL.  Semiconductors  furnished  under  this  specification  shall  be  capable  of 
meeting  the  polity  Assurance  Provisions  of  Specification  MJL-8-1&500  with  the  following 
additions  and  exceptions,  Including  those  of  the  detail  BCD. 

Inspection  system  requirements.  The  supplier's  Inspection  system  shall  conform 
to  the  requirements  of  Specification  MIL-Q-9858. 

4.1.2  Calibration  system  requirements.  The  supplier's  calibration  system  shall  conform 
to  the  requlrementa  of  Specification  MIL-C-45662. 

4.2  DUPLICATION  OF  TESTS,  This  specification  does  not  require  duplication  of  any 
tests  which  may  have  been  conducted  on  applicable  devices  In  conjunction  with  the  suppller'e 
Internal  tasting  program.  The  supplier  la  invited  to  use  his  own  Internal  high  reliability  pro* 
gram  to  supply  parts  under  this  specification  If  such  a  program  Includes  devloes  described 
by  the  applicable  detail  SCD. 

4.3  100  PERCENT  PRECONDITIONING  REQUIREMENTS.  Preconditioning  shall  be 
performed  on  all  devices  as  specified  In  the  applicable  addendum.  All  devloes  shall  meet 
the  limits  specified  for  the  preconditioning  screens,  and  meet  the  mechanical  or 
electrical  limits  specified  In  the  detail  SCD  after  preconditioning 

4.4  100  PERCENT  SPECIAL  CONDITIONING  REQUIREMENTS.  Special  condltionli* 
shall  be  performed  on  all  devices  as  specified  In  the  applicable  addendum  and  SCD.  All  devloes 
shall  meet  the  limits  specified  In  the  detail  SCD  after  special  conditioning. 

4.B  QUALITY  CONFORMANCE  INSPECTION 

4*6- 1  Drawing  compliance.  Each  device  shall  be  examined  for  compliance  to  the  detail 
SCD. 

4. 5. 2  Group  A  Inspection.  The  Group  A  Inspection  specified  on  the  detail  SCD  shall  be 
performed  In  accordance  with  ihe  following  requirements. 

4.6.2. 1  Characteristics  with  100  percent  Inspection  required  (critical  characteristics). 
Characteristics  with  100  percent  Inspection  specified  on  the  detail  SCD  shall  be  measured  on 
100  percent  of  the  lot  after  completion  of  preconditioning  and  special  conditioning.  All  devices 
shall  meet  the  limits  specified  in  the  detail  SCD, 

4. 6. 3. 2  Characteristics  with  a  specified  LTPD  (malor  characteristics!.  Characteristics 
with  a  LTPD  specified  In  the  detail  SCD  may  be  sample  Inspected  using  the  sampling  procedures 
of  Specification  MIL-8-19500.  The  supplier,  at  his  option,  may  use  guard  bands  on  Other  para¬ 
meters,  or  at  different  temperatures,  to  guarantee  that  a  speolflo  parameter  meets  the  LTPD 
specified  la  the  detail  SCD  without  actually  testing  at  that  level  or  at  the  speoifled  conditions. 
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4. 5. 3  G^-oup  B  inspection.  Group  B  inspection  in  accordance  with  Table  I  shall  be 
defined  as  the  environmental  requirements  of  iJpeclflcation  MIL-S-19500.  The  testing  in 
any  subgroup  shall  be  performed  in  the  sequence  listed.  All  devices  ahall  be  capable  of 
withstanding  the  environmental  requirements  and  meeting  the  electrical  requirements  of  the 
applicable  detail  SCD  after  being  exposed  to  the  environments. 

4. 5. 3. 1  Soldo rablllty.  This  teat  shall  be  performed  in  accordance  with  MIL-8TD-202C, 
Method  20 8 A  and  shall  Include  all  aolid  and  stranded  wires  up  to  1/8  inch  thickness,  ribbon 
leads  up  to  0. 050  Inches  in  width  and  up  to  0. 025  Inches  in  thickness,  and  lugs,  taps,  hook 
leads,  turrets,  etc,  which  are  normally  joined  by  a  solder  operation. 

4. 6. 3. 2  Lead  pull  (other  than  flat  packages).  Each  lead  shall  withstand  an  axial  pull  of 
4  lb  minimum  for  30  sec.  The  device  shall  meet  the  hermetic  seal  test  after  this  test. 

4. 5. 3. 3  Lead  pull  (for  flat  packages  only).  Each  lead  shall  wlthatand  an  axial  pull  of 
12  ounces  minimum,  for  30  sec.  The  device  shall  meet  the  hermetic  seal  test  after  this  test. 

4. 5. 3. 4  Bending  stress  test  < for  other  than  flat  packaged.  The  device  shall  be  placed  in 
a  vertical  position  and  an  8 so.  5  ounce  weight  shall  be  attached  to  the  lead.  The  device  shall 
be  slowly  rotated,  In  approximately  5  seconds  to  a  horizontal  position  and  then  returned  to  the 
vertical  position.  The  two  succeeding  bends  shall  be  made  in  the  same  manner.  The  device 
ahall  meet  the  hermetic  seal  test  after  this  test. 

4. 5. 3. 5  Bending  stress  test  (for  flat  packageal .  The  unit  shall  be  held  in  a  vertical  posi¬ 
tion  with  a  2-ounce  weight  suspended  from  the  lend  to  be  tested.  Two  cycles  of  bending  shall 
be  performed,  a  cycle  consisting  of  slowly  moving  the  body  of  the  unit  46*  from  the  vertical  in 
one  direction  and  back  45*  to  the  original  position,  taking  approximately  6  seconds  per  direc¬ 
tion.  The  device  shall  meet  the  hermetic  seal  test  aftsr  this  test. 

4. 5. 3. 6  Torque.  Stud-mounted  units  shall  withstand  the  torque  specified  in  the  detail 
SCD  without  resulting  in  the  loss  of  the  ability  to  turn  a  nut  onto  the  atud  using  only  finger 
pressure. 

4. 5. 3. 7  Nonoperating  high  temperature  life.  The  devloes  shall  be  stored  at  the  maximum 
rated  temperature  specified  in  the  detail  SCD  for  1000  hours. 

4. 5. 3. 8  Operating  life.  Operation  of  the  device  shall  be  at  the  maximum  rated  power  for 
1000  hours.  The  burn-in  conditions  in  the  detail  SCD  may  be  used  as  the  operating  life  conditions. 

4. 8. 3. 8  High  temperature  voltage  stress.  Operation  of  the  device  shall  be  ati 

vCBO  “  70  percent  (minimum)  of  the  maximum  rated  voltage  for  transistors. 

Vj|  -  70  percent  (minimum)  of  the  maximum  rated  voltage  for  diodes. 

Ambient  Temperature:  +150*C  minimum 

Operation  shall  be  for  9«  hours  minimum.  Upon  completion  of  the  teat  time,  the  voltage  shall 
be  maintained  until  the  devices  have  reached  room  ambient  Condi t loos.  Parameters  shall  . 
he  measured  within  8  hours  after  removal  of  the  voltage.  I  8 
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4.7  EXTENDED  PERFORMANCE  TESTS.  Semiconductor  devices  may  be  oublected  to 
environmental  tests,  which  are  within  the  specification  requirements,  to  assure  the  buver  that 
e  devices  continue  to  meet  the  specification  requirements.  This  testing  will  be  performed  bv 
AC  Electronics  on  a  limited  sampling  basis.  When  the  extend*  * 

•u  standard  lot,  the  disposition  of  that  lot  wilt  be  negotiated  with  the  supplier. 

b*  nii  N^LtAR  HARDNESS  ASSURANCE  TESTS.  Nuclear  haidnes.  assurance  teat.  ah.U 
and  So  ap  T  *,  >tmp.le  0,6  devlce,  ,rom  ®“h  ,ot  «P«clfled  In  the  applicable  addenduL 
neaa^assurance  tests'  016  Um,t‘  8PeC,fled  tn  *  deU‘l  **  “fter  ™cl~r  tart- 

5.  PREPARATION  FOR  DELIVERY 
S.l  GENERAL 

Th„  ft/m!  ggyr*  j?*5?*  Prl0r  *°  p,cka*‘n«’  a11  ltom«  be  free  from  contamination. 
S  i  1.  i  aS?  'h  dried  with  suitable  material.  and  method,  which  will  not  damage 
the  Item..  When  a  specific  degree  of  cleanliness  la  specified  in  the  detail  requirement,  the 
ushlonlng  or  wrap,  and  the  bag  or  container  Interior,  used  for  the  unit  packaging  of  the’ttem 
shall  be  as  clean  or  cleaner  than  the  degree  of  cleanliness  specified  for  the  Item. 

.  .  J*  l\*  protection  of  Item.  Cushioning  materials  or  devices  shall  be  used  to  pro- 

55*  llm phy',c'1  *****  —  -^ipment.  Cushioning *££££ 

shaU  be  Provided,  as  applicable,  to  prevent  free  movement  of  the  Item  or  unit  packages  wtUun 
an  intermediate  or  dipping  container,  ftredded  or  unbounded  cushioning  materiata  ^islTnot 

that  a'm'ini  ^■co"tel"w;  11,0  a,M  of »  W*.  »eml-rlgtd,  or  nonrlgld  container  shall  be  such 
Uwt  a  minimum  amount  of  clearance  1.  allowed  between  the  Item  and  the  container  boundaries 

TSS  J  C°ntact  Wlth  *he  ltem*  lt  ahaU  *»  hOhcorroslve  (pH  6.4  to  S^nTn-  * 

abrasive,  and  as  dry  as  practicable, 

,  5* l* 4  1--ermedl,te  container.  Items  which  are  unit  packaged  by  w recoins  or  bv  olao«m*nt 

n  a  nonrlgld  container,  shall  be  placed  In  a  rigid  container  suitably  cushioned  or  partitioned  to 
prevent  free  movement  of  the  unit  packages  during  handling  and  shipment. 

5.1.6  Shipping  container 

!±.^4ri^.,',‘er  u"“  ‘“'T' or  lnt'rm'd,‘"  p***"  «•>*«  n.  pum  >„  *i„. 

p  n*  °?ntalna™  acceptable  by  common  carrier,  and  In  a  manner  which  will  assure  safe  deliver 

riTTST'.  SrifT'"*  ,p“"l0<1'  or  ’*•»  lmPN°Wo.l  bwmt..  of 
ies  being  shipped,  all  Items  shipped  in  the  same  container  shall  be  IdentloaL  Where  possible 

a  shipment  shall  consist  of  parts  from  no  more  than  one  production  lot.  ** 
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5. 1.5.2  Enclosures.  Any  applicable  technical  data,  such  as  special  conditioning  data, 
reports  "and  Instructions,  shall  be  contained  within  the  outer  packing  In  separate  envelopes  or 
similar  enclosures  and  properly  secured  to  prevent  free  moven  ant  wttliln  the  shipping  con¬ 
tainer.  If  the  bulk  data  is  such  that  Inclusion  within  the  packing  Is  Impractical  or  Impossible, 
the  data  shall  be  supplied  under  a  separate  cover  which  Is  securely  attached  to  the  shipping 
container  by  means  of  tape,  tie,  or  adhesive.  Special  data  peculiar  to  each  unit  may  be  In¬ 
cluded  within  each  unit  container. 

5.1.6  Container  marking.  The  markings  on  unit,  Intermediate,  and  shipping  containers 
shall  be  located  where  they  may  be  easily  read  when  the  packages  are  stacked  or  stored  on 
shelves,  and  where  they  will  not  be  destroyed  when  the  package  Is  opened  for  Inspection  or 
until  the  contents  have  been  used.  The  following  Is  a  list  of  the  Information  that  shall  be  marked 
on  unit,  Intermediate,  and  shipping  containers.  The  Information  for  d,  e,  and  f,  Is  required 
only  when  the  markings  are  applicable  to  the  container  contents: 

a.  The  AC  Electronics  part  number 

b.  Item  description 

c.  Quantity  In  container 

d.  Precautionary  Information  as  required  to  assure  the  safety  of  the  Items  during 
handling  or  opening 

e.  Identification  of  preservative  or  lubricant  used,  when  applloablo. 

f.  Number  of  the  lot,  date  code,  batch,  serial  or  other  control  number. 


5. 2  DETAIL  PACKAGING  REQUIREMENTS 

5. 2. 1  Hand  carry.  When  hand  carrying  or  personal  delivery  Is  used  to  expedite  delivery 
of  Items,  the  protection  afforded  the  Items  shall  be  such  that  the  Items  shall  be  acceptable  at 
AC  Electronics,  but  the  detail  packaging  requirements  of  this  specification  need  not  apply. 

5.2.2  Item  packaging.  The  items  may  be  packaged  Individually  or  In  small  groups.  The 
unit  container  shall  be  a  transparent  plastic  bag,  or  a  capped  rigid  or  a  semirigid  plastic  con¬ 
tainer.  A  special  container  may  also  be  used  such  as  one  designed  to  hold  a  specific  number 
of  tteme  and  which  allows  for  resealing  the  container  after  removal  of  one  or  more  Items,  or 

a  multiple  compartment  container  which  allows  for  removal  of  any  compartment  without  break¬ 
ing  the  seal  of  an  adjacent  compartment.  Item's  havlng  tdads  oV  tdlrminale'shhll  be  packaged 
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l*tCIHCATIOW_ 


„  .  that  prevent  th,  M.  »-  <^^£2££S££l  ^erlb.1, 

btmg  u.,d  t„r  removal.  The  [allowing  component.  ah.ll  be  pachn„e 

..  1.U1  -r^br:c:^inrr^;rrr'":,v. 

involved.  The  preferred  method  Is  body  upea  mu 

Radial  lead:  Package  by  an,  method  . hewn  ,n  Figure  2  regard*.  et  qmtntt.le. 

Involved. 

c.  Integrated  Circuits  (Flat  Packs): 

w  Lea.  tl»n  .0.:  Package  »  .hew. 

ZZSXSSZ*  magaalne,  or 

equivalent  magazine). 


(2)  100  or  more:  Package  as  shown  >n  Figure  4. 
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6.  NOTES 

fi  i  APPROVAL  OF  CHANGES  OR  WAIVERS.  The  only  personnel  authorized  to  give 
mJU\‘ Z“o°  J o,  SLgus  or  waivers  ..  any  re,nirem,n, .  o.  ,he  appUcabl.  BCD  or  ihi. 
specification  are  the  buyer's  purchasing  representative. 

6.2  DEFINITIONS 

6.2.1  Buyer,  buyer,  as  used  in  this  specification,  shall  mean  AC  Electronics  Division. 
General  Motors  Corporation,  Milwaukee,  Wisconsin. 

fi  ?  2  SuDolier  Supplier,  as  used  in  this  specification,  shall  mean  an  entity,  e.g. ,  a 
vend'r  or  Sourer  "applying  a  par.  .ub,«.  to  .he  re,aire„.n.s  oi  this  speciiica.l.n  in 
accordance  with  a  purchase  order  or  contract  Issued  by  the  buyer. 

6  2  3  User  User,  as  used  in  this  specification,  shall  mean  an  agent  of  the  buyer  that 
will  incorporate]  into  an  equipment.  Lems  furnished  under  this  specification;  this  term ,  does 
not  describe  s  rnsnidacturer.  vendor,  or  supplier  lurnl.hln.  Item.  In  secordane.  with  tlil. 
specification. 

6  2  4  Part  or  unit.  Part  or  unit,  as  used  in  this  specification,  shall  mean  ore  piece,  or 
two  or  more  pieces  Joined  together  which  are  not  normally  subject  to  disassembly  without 

destruction. 

6.2.5  Detail  Specification  Control  Drawing  (SCD).  As  used  in  this  specification  reference 
to  a  detail  SCD  shalV mean  a  document  or  set  of  documents  that  describe  an  individual  type  of 
semiconductor  device  to  be  supplied  in  accordance  with  this  specification. 

fi  9  fi  "Shall  he  canable  of".  "Shall  be  capable  of’,  as  used  in  Oils  specification,  shall 
mean  that  the  part  must  meet  the  applicable  requirements  to  the  LTPD  of  Specification  MIL¬ 
S' 19500  but  the  supplier  does  not  have  to  run  tests  other  than  the  preconditioning  requirements 
LJ  elecW^a i  mearrements  required  by  the  applicable  drawing  or  specification  on  each  lot 
L^d  to  demonstrate  they  have  met  them.  For  example,  the  supplier  may  have  adequa^ 
data  from  tests  on  devices  from  the  same  family  which  are  the  same  generic  type  ^at  demon¬ 
strate  that  the  devices  of  that  family  do  meet  the  applicable  environmental  requirements  of 
Specification  MIL-S- 19500. 

fi  2  7  Unit  oackage.  A  unit  package  is  the  first  tie,  wrap,  or  container  applied  to  a  single 
item  or 'a  multiple  thefeof,  or  a  group  of  items  of  a  single  part  number  which  Involves  a  com¬ 
plete  and  identifiable  package. 

6. 2. 8  Intermediate  package.  An  intermediate  package  Is  an  Interior  container  which  con¬ 
tains  two  or  more  unit  packages  of  identical  items. 
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f  2  9  packing  Pick  in*  Include  the  Insertion  of  unit  or  Intermediate  pRckj.  or  un- 

■  - . . — - 

blocking.  cushioning.  and  waterproof  barriers. 

«... 

mean  semiconductor  chips  ro.mulncturc  w  „  sl2e  o(  the  chip  Is  not  applicable.  Is  lor 

r.  provided  . .  . I . . — . -  l’™"" 

geometries,  and  polarities. 

0.2.11  Productlonjot.  A  prodac.lon  lot  shd.  he  *** 
produced  by  a  manufacturing  process  noA-n  °  not  exceed  thirty  crlendar  days, 

operations  completed.  The  period  of  t  Is  pr  -hall  be  packaged  and  identified  separately. 

Z  ;SlT!asS of  the  same  process  control  specified  In 

3.2. 

„  PFniTiTiFDSOUnCE  Required  source  for  the  Integrated  circuit  carrier 

.p«S^  Deretopment Company,  .....  B.Mmorc  M.  Undown..  »• 
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1.  SCOPE 

1.1  SCOPE.  Thlo  addendum  coven  the  requirements  for  Mmlconductor  device*  classl- 

fted  u  Category  2.  The ge  semiconductor  devices  are  to  be  need  In  high  reliability  ayatoma  auoh 
as  aerospace,  missiles  and  other  critical  applications. 

2.  APPLICABLE  DOCUMENTS.  Same  as  basic  specification  8T1000. 
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3.  REQUIREMENTS.  The  requirements  for  Category  2  semiconductor  devices  shall  be  as 
specified  In  basic  Specification  ST1000  and  as  specified  herein. 

3. 1  GENERAL.  Same  as  basic  Specification  ST100C. 

3.2  PROCESS  CONTROL.  Any  article  furbished  to  this  specif. .ation  shall  be  constructed 
to  the  same  design,  using  the  same  critical  materials  and  processes  as  the  first  article  sup¬ 
plied  to  this  specification.  Prior  to  fabrication  of  the  first  order,  the  supplier  and  buyer  shall 
Jointly  review  process,  configuration,  fabrication  and  material  control  documentation  and 
agree  on  critical  features  based  on  the  buyers  application.  After  mutual  agreement  and  deter¬ 
mination  of  the  adequacy  of  the  supplier's  control,  the  supplier  shall  make  no  changes  or 
alteration  In  processes,  design,  and  materials  affecting  these  critical  areas  on  articles  to  be 
purchased  by  the  buyer,  prior  to  written  notification  of  the  buyer.  The  supplier  shall  provide 
the  buyer  with  the  engineering  reasons  and  sufficient  details  to  permit  evaluation  of  any  proposed 
change  of  critical  processes  by  submitting  a  supplier  documentation  change  request  Bhown  In 
Figure  1.  If  a  change  Is  considered  unacceptable  by  the  buyer,  he  may  cancel  his  order  If  the 
supplier  cannot  revert  his  production  to  the  original  configuration.  Suppller  change  proposals, 

If  any,  are  to  be  submit*ed  In  a  timely  manner  while  open  purchase  orders  exist.  During 
periods  of  procurement  Inactivity,  description  of  changes  shall  be  accumulated  and  submitted 

to  the  buyer  upon  placement  af  new  purchase  orders.  The  supplier  shall  assure  that  the  design, 
manufacturing  processes,  materials,  and  sources  of  materials  used  by  him  and  his  lower  tier 
suppliers  are  fully  controlled  by  drawings  or  an  equivalent  system  of  documentation,  and  that 
articles  to  be  furnished  shall  be  fabricated  in  compliance  with  the  documentation.  The  supplier 
atoll  permit  the  cognizant  government  agency ,  Its  designated  representative  or  the  purchaser 
to  review  the  specified  documentation  without  compromise  of  proprietary  rights,  and  to  observe 
the  manner  In  which  the  documentation  is  Implemented  within  the  supplier's  facilities.  Process 
control  shall  be  maintained  so  as  not  to  compromise  reliability  or  circuit  performance.  The 
critical  materials  and  processes  shall  be  defined  as  the  Information  In  the  following  paragraphs 
and  this  Information  shall  be  furnished  to  the  buyer  for  each  part  number  when  applicable.  The 
critical  materials  and  processes  shall  be  documented  on  the  critical  process  and  documenta¬ 
tion  list  shown  In  Figure  2  and  the  critical  process  and  documentation  agreement  shown  In 
Figure  3.  The  buyers  approval  of  critical  materials  and  process  documentation  shall  not  con¬ 
strue  that  tlte  suppliers  methods,  procedures  or  design  are  adequate  to  meet  the  requirements 
of  the  procurement  documents. 

3.2. 1  Critical  material  and  processes.  The  following  paragraphs  are  Intended  as  a  guide 
as  to  the  type  of  critical  materials  and  processes  which  could  be  Included  on  the  Critical  Pro¬ 
cess  and  Documentation  List. 

3. 2. 1.1  Similar  type  designation  and  case  size.  Devices  selected  or  screened  from  manu¬ 
facturers  basic  type  line.  (Examples:  EIA  or  JEDEC  Type  2N930,  2N2605,  2N2MJ.IN935, 
W3504A,  or  Manufacturers  Type  MHM2201,  SE-124K,  SN5400,  pa  709,  etc.)  (This  Informa¬ 
tion  will  aid  qualifying  similar  devices  manufactured  on  the  same  line.)  The  case  type  (examples: 
TO-M.  TO-46,  TO-6,  TO-100,  TO-89,  DO-7,  DO-9,  14  lead  DIP,  etc.) 
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SAMPLE  FORM:  CRITICAL  PROCESS  AND  DOCUMENTATION  LIST 

FIGURE  2  5 
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CRITICAL  PROCESS  &  DOCUMENTATION  AGREEMENT 

FORM  5344 


IDATC 


The  attached  list  of  documents  hit  been  reviewed  end  i|reed  upon  by  the  undersiened 
purcheser(s)  to  control  those  critical  features  required  per  STIOOO 

f  10  'h!  £*«»•»■  nnd  mstensl  sffectint  these  documents  shall  ba 

e.mm  L“  AC  E1'C!,omC5  l»tchasin|  department  by  completion  of  the 

SUPPLIER  DOCUMENTATION  CHANGE  REQUEST. 

These  chan(es  shall  be  continually  transmitted  while  open  otdera  ealnt.  Durlrt.  a  period 
of  Inactivity,  description  of  chtntes  shall  be  maintained  and  transmitted  to 
AC  Electronics  upon  placement  of  new  purchase  orders. 

This  •  tree  mart  la  aa  acknowledgment  of  satiaf  action  by  purcheaerfe)  and  alaoaa 
amamaat  by  the  aaller  to  comply  with  notificatloa  of  chanps  provlaloaa  of  parafraph 
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.  ■  ,^,.2‘1‘2  ffircfactortng  process.  Manufacturing  processes  Involved.  (Examples-  Planar 
Hill*  ;  u  anar  epltaxla1’  aU‘V.  mesa,  alloy  base  contact  mesa,  planar  epitaxial  double 

SZEZZ7 ,Um  re■',,ot,•  s“,co" d,ox,de  dWepWp  pi*"*“ 

and  nUmher  °f  pMp"'  For  examPIei  1  chip  10  mile  square 

ton,  eto  1  M  K  ^  P  5  X  X  ®  ml  8*  4  Ch,p“  20  x  30  x  6  mllB  connected  as  dual  darling- 

A  photomicrograph  shall  b«  furnished 

Dr,  »Ur^.T“T.tC:  .IT  "  b,C“'"  ”'d  C*PP'"8  Pe,'C"  ‘ 

•" 

AlJ;In!;I.t^eT'>nf0rC°,‘,C“'  '°n  (EMjnp',4. : 

ffl...3friMrfe  The  meth0d  U8ed  lor  mountln*  t»»  chip  to  header  (e.g.  alloy  bond 

glsss  frit,  etc.).  The  type  of  mounting  material  used  if  any. 

b0adL  Wtre  dlameter  and  wtre  mater,ai  Type  of  bondmadetomet.llz.tlon 
a^ong  with  the  diameter  and  material  of  wire.  (Examples:  5-mil  gold  wire  ball-bonded  io 

-un,lZTr.’'.rST.teT'  "*  W“"“r  m,'k’  °'  °-S-"“1 

etc. )3> lH!£'9f  paa"lvaUon-  «Ulcon  dioxide,  borosilicate  glass,  varnish, 


germanium | '  Examples:  N  type  silicon,  P  type  silicon,  P  type 

.  «'2‘|1'12*  86al-  ^8t'  (In~llne)  Type  0{  hermetic  seal  tests  used  for  gross  leak 

and  fine  leak  testing.  (Examples:  Gross  leak;  units  backfilled  with  helium  at  30  Jm  for  30 

,Ub”er®Bd‘n  mlneral  011  at  +100*C-  '*"»«ned  under  40x  magnification  for  evidence 
of  bubbles.  Fine  leak:  Radlflo  leak  test;  units  are  backfilled  with  tracer  gas  at  100  psl  for  3 

£7  prt°r  *>  “•  1“k  M.L-STD-8!3,  Me, hod  1014,  Teal  Condition.  B^ndc: 

.  n3^'1'1.3  visual  inspection.  The  supplier's  internal  visual  inspection  documents 

shall  be  reviewed  and  utilized  wherever  possible.  p"  enta 


169 


porm  mi 


AC  ELECTRONICS  DIVISION 

GENERAL  MOTORS  CORPORATION 
MILWAUKEE,  WISCONSIN  53201 


. _ ADDENDUM  II 

_ HUMBU _ 1  scv. 

ST1000  j 

J _ 

CODE  IDENT  NO.  99974 


3.2.1.14  100  percent  preconditioning  requirements.  Description  of  tho  100 

conditioning  (4. 3)  as  performed  by  the  Ruppller. 

3< 2-  15  100  percent  special  conditioning  requirements.  Description  of  the 

special  conditioning  (4.4)  as  performed  by  the  supplier. 


percent  p re- 

100  percent 


3. 3  COMPLIANCE  DATA.  The  supplier  shall  keep  on  file  for  3  years  a  copy  of  the  data 
which  was  used  to  determine  that  the  lot  Is  capable  of  meeting  the  requirements  of  Specifica¬ 
tion  MIL-S-19500.  This  data  shall  be  from  devices  of  the  same  generic  type  (see  6  2  10  of 
.  T1000).  However,  the  data  need  not  be  from  the  Individual  devices  In  the  shipment  ' 


3. 4  LEAD  AND  TERMINAL  MATERIALS.  Leads  and  terminals  of  devices  processed  to 
this  specification  shall  be  solderable  In  accordance  with  the  requirements  of  MIL-STD-760 
Method  2026  and  4. 5. 3. 1  of  Basic  Specification  ET1000. 
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SPECIFICATION 


4.  QUALITY  ASSURANCE  PROVISIONS 


ADDENDUM  n 


CODE  IDENT  NO.  W74 


4.1  GENERAL.  Same  as  basic  specification  ST1000 

4.2  DUPLICATION  OF  1 ESTS.  Same  as  basic  specification  ST1000. 

4.3  100  PERCENT  PRECONDITIONING  REQUIREMENTS  Thr>  r  n  , 

shall  be  performed  on  all  devices  in  the  order  specified  in  Hp  re  4.  8  precondit,cnln<? 

uon.4'i‘  ‘It?0’ shal1  *  *>  intern..  ,Mp«. 

documented  as  a  part  of  the  critical  process  In  fn  acceptance  critcrla  shall  be  negotiated  and 

a.  A  minimum  of  ten  cycles  shall  be  performed. 

the  limits  o  f  th  e  ex  t  rT m  c  I^wh  fch  U  ^been*  subjec  t  f"  IhaUhav^a  10  *  t.emperaturc  wlthln 
time  of  10  minutes  minimum.  .  h  11  have  an  additional  exposure 

*  a"b*'“  •«  •  constant  ncce.er.tton  of  20, 000, 

cylindrical  p»Cagod.  a^S^L,  "etcc  «”  t^nTv”  Vi*’"?  ^ 
packaged  axial  lead  diodes  shall  be  accelerated  in  the  X  or  7  !^  ?  dlrectlon-  Cylindrical 
high  Impact  ahcch  test 2,00*  mtn.mnm,  "  - 

66  *ccelerateo7n  C  X  o*r  Z^l's"!  accordawl  Tlth  M^L-STD- 88*3  8 Method  2m‘  ParCkage"  <,haU 
or  X-rayed  In  accordance  with  MIL-STD-883  Method  2012  in  orH  '  2°°  CondlUon  D 

*»  •»“  <**■•  copies  „  to  deIecl  “  re)“‘  *" 

N0TE:  ?i«n»."?’  may  P01  **  advl»*hlc  on  aomc  hybrid 

circuits  due  to  lead  dress,  therefore  X-ray  would  be  required 

ter  ffJSSa  *odCr,C":“"r  8'*”  ba“d  db>d«‘  d'»'cc.  with  m,  cavity 

t  ISpaasar 

•KftirasKtra^'ssst"-*- 

•  0rOM  U,k  -  P"  MIL-STD-202,  Method  112.  Teat  CndltZ'*  c,  B 
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SPECIFICATION 

ADDENDUM  n 

NUMBER 

REV 

STlOOO 

CODE  IDENT  NO.  9W4 


4-3-6  Hermetic  seal  (glass  caged  dlodea  only).  All  diodes  shall  he  subjected  to  a  seal 
teat  to  assure  a  leakage  rate  no  greater  than  10-8  atm-cc/sec.  The  test  method  shall  be 
approved  by  the  buyer. 

4,3,7  Hermetic  seal  (devices  with  no  cavity  such  as  plastic  or  opo.cv  cased  semiconductor) 
All  devices  shall  be  subjected  to  a  seal  teat.  The  test  method  shall  l>«  approved  by  the  buyer.  " 


4.4  100  PERCENT  SPECIAL  CONDITIONING  REQUIREMENTS.  All  devices  shall  be  sub¬ 
jected  to  special  conditioning  as  required  on  the  Individual  SCD. 

4,*‘1  High  temperature  voltage  stress.  When  required  on  the  SCD,  all  devices  shall  be 
subjected  to  a  high  temperature,  reverse  voltage  stress  for  96  hours  minimum  under  conditions 
specified  on  the  SCD.  After  the  devices  have  been  subjected  to  the  specified  hours  of  stress, 
the  voltsge  shall  be  maintained  until  devices  have  reached  room  ambient  conditions.  Parameters 
specified  on  the  SCD  nhall  be  measured  within  eight  hours  after  removal  of  voltage. 

4,4.2  Burn-In,  All  devices  shall  be  subjected  to  an  operational  burn-tn  for  168  hours 
minimum  under  the.  conditions  specified  on  the  SCD. 

4.6  QUALITY  CONFORMANCE  INSPECTION.  Same  as  basic  specification  ST1000. 

4.6  TEST  SURVEILLANCE.  Same  as  basic  specification  ST1000. 

4.7  EXTENDED  PERFORMANCE  TESTS.  Same  as  basic  specification  ST1000 

4.8  NUCLEAR  HARDNESS  ASSURANCE  TESTS.  This  paragraph  not  applicable. 

6.  PREPARATION  FOR  DELIVERY.  Same  as  basic  specification  ST1000. 

6.  NOTES.  Sams  as  basic  specification  8T1000. 


173 


(Page  174  is  blank) 


APPENDIX  II 


DETAILED  TEST  DATA 
FROM 

INCOMING  INSPECTION  AND  EXTENDED  PERFORMANCE  TESTS 
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Incoming  Inspection  of  Hybrid  Microcircuits 


Incoming  Inspection  of  Hybrid  Microcircuits 
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Hybrid  Microcircuit  EPT  Summary,  Lots  in  Which  a  Sample  was  Pulled  for  EPT 
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" 


t 
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Hybrid  Microcircuit  EPT  Summary,  Lots  in  Which  a  Sample  was  Pulled  for  EPT 


Hybrid  Microcircuit  EPT  Summary.  Lots  in 


Hybrid  Microcircuit  EPT  Summary,  Lots  in  Which  a  Sample  was  Pulled  for  EPT 
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APPENDIX  III 


DETAILED  '1  ESI  DATA 
FROM 

VERIFICATION  PHASE  SCREENING  TESTS 


187 


VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
WITH  RADC  PER  MIL-STD-883,  METHOD  5004 


TEST  GROUP  NUMBER:  1 
SUPPLIER :  A 

QUANTITY:  OT  S/N: 
RECEIVED:  MARCH  1970 


PART  TYPE:  MEMORY  HYBRID  SWITCH 

1  ->  448 

DATE  CODE :  7008 


Place  serial  numbers  on  all  samples  and  look  for 
visual  rejects  at  same  time. 

QTY  448 

QTY  FAIL  _3_(0.67$)  S/N's  6,  24l,  423 
External  lead  missing 


GO  NO-GO  testing  and  data  log  failures 

TOTAL  QTY  +25°C  445  QTY  FAIL  25°C  130  (29.2%) 

S/N's  Too  many  to  list 

TOTAL  QTY  -55°C  ^15  QTY  FAIL  -55°C  0 

TOTAL  QTY  +125°c  315  QTY  FAIL  +125°C  9  (2.85#) 
S/N's  336,  59,  83,  132,  198,  205,  225,  3^7  424 


Per  MIL-STD-883,  Method  1014,  Condition  C,  Step  2 
TOTAL  GROSS  SEAL  TESTED  306 
QUANTITY  FAIL  1  (0.33 %)  S/iT223 
Initial  failures  up  to  this  point  were  returned 
to  the  supplier  for  replacement. 

TOTAL  INITIAL  FAILURES  143  (32#) 

Per  MIL-STD-883,  Method  1008,  Condition  C, 

48  hrs  minimum  (g  +150  C 
QTY  30£ 


GO  NO-GO  data  log  failures.  Test  in  Dept.  32-38 
with  RADC  Programs . 

TOTAL  QTY  305  QTY  FAIL  2  (0.66%) 

S/N's  310-  370.  385 

S/N's  121,  236,  310  marginal  switching  times 

but  over  maximum  limit. 

S/N's  370,  386  fail  switching  time\ maximum 
limit . 
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TEST  GROUP  NO.  1 


ELECTRICAL 


□ 


j 


N/ 


Per  MIL-STD-383,  Method  1010,  Condition  C, 
10  cycles,  -05°C  to  +150°C. 

Transfer  time  less  than  1  minute. 

qn  305 


GO  NO-GO  data  log  failures 
TOTAL  QTY  305  TOTAL  CJfTY  FAIL  _2 
^TY  NEW  FAIL  0 
S/H's  370* .  385*" 


Per  MIL-STD-883,  Method  2001,  30,000  G 
QTY  j$05 


Per  MIL-STD-883,  Method  10l4,  Condition  A  and 
Condition  C,  Step  2.  GO  NO-GO  fine  leak  rate 
limit  1  x  10 "7  ATM  cc/sec. 

TOTAL  CfTY  SEAL  TESTED  3O5 
QffY  FAIL  FINE  7  (2.3$) 

s/n,s_381  45,  55T  110,  278,  231,  313 
QfTY  FAIL  GROSS  6  (1.98$) 

S/N 1  s  38  .  45  .  4STllO,  281.  J1J_ 

S/N  110  removed  from  test.  Exploded  in  Gross  Seal. 


Data  log  all  units. 

TOTAL  qTY  304  TOTAL  QTY  FAIL  8 

OTY  NEW  FAILURES  3  (l.01$) 

s/N 'a  3g,  121*,  1 .75,  236 *,  310*,  319,  370*,  386* 

S/N's  38,  133,  175,  319  removed  from  test. 

S/N  38  loose  ceramic  substrate 

s/n  133  could  not  confirm  failure.  Part  OK. 

s/N  175  external  lead  off.  Another  lead  badly 

twisted. 

s/N  319  loose  gold  ball  bond  to  aluminum  metal- 
ization  on  transistor 


End  of  Class  "C"  screening  procedures  per  MIL-STD-883,  Method  5004. 

Total  fallout  154  =  34.4$ 

TO 


♦Failed  earlier  test. 


Fallout  without  initial  failures  =  11 

305 


=  3-6$ 
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TEST  GROUP  NO.  1 


Beginning  of  Class  "B"  Screening  per  MIL-STD-883,  Method  5004 


A 


BURN-IN  „ 

TA  -  +125°C 

168  HRS 

_ _ 3 

t _ _ _ 

ELECTRICAL 

> 

f 

Per  MIL-STD-883,  Method  1015,  Condition  D 
QTY  ^00 


Data  log  all  units.  TOTAL  QJTY  299 

TOTAL  QTY  PAIL  _8__  Q'TY  NEW  FAILURES  _3_(l.02$) 

S/N's  121*.  201,  236*,  255,  310*.  349.  370*.  386* 

s/n  3^-9  removed  from  test. 

s/N  201  diode  reverse  current  increased  over 

maximum  limit. 

s/n  255  circuit  leakage  current  increased  over 
maximum  limit . 

S/N  34-9  transistor  Qg  collector-emitter  short. 


End  of  Class  "B"  Processing 

Total  fallout  to  obtain  Class  B  processed  parts  157  =  35% 

Total  fallout  excluding  initial  failures  l4  =  4 .6% 

305 


Beginning  of  Class  "A" 


Processing  per  MIL-STD-883,  Method  5004 

Liquid  to  liquid  TOTAL  CJPY  299 
Per  MIL-STD-883,  Method  1011,  Cond.  C, 
15  cycles,  -65°C  to  +150°C 
s/n  310*  Pin  8  missing 
386*  Pin  l4  missing 


GO  NO  -  GO  data  log  fails 
TOTAL  QTY  229 
QTY  FAIL  2 
S/N's  201*.  370* 


Per  MIL-STD-883,  Method  2002,  Cond.  F, 

Y-i  Axis,  One  Shock,  20,000  G  Peak 

TOTAL  QTY  221 

QTY  DAMAGED  25  (8.42%) 

S/N ' s  9.  35.  53,  74,  95,  113*.. 156,  214^218, 
240,  254.  285,  303,  314,  317,.  336,  343,  348 351, 
364,  388,  408, ,439/  446. 

Failures  removed  from  test. 
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tkst  group  no.  1 

_ 1 _ 

electrical 


acceleration 
Y2  AXIS 


— 1 

ELECT 

- - - 

RICAL  | 

GO  NO-GO  Data  Log  Fails 

TOTAL  QTY  2J2  TOTAL  OTY  FAIL  2? 

OTY  NEW  FAILURES  24  (8.93^)  ,  , 

s/n's  55,  J8,  96^  io0!  121^  126^  ^  1!>ir??7QA“ 
217r  222,  230,  231,  232,  245,  2;2,  258>  26 J ,  -7. , 

22ij_2J2ii  323j..320>-355j  37°*..  ^26,  43.|^. 

S/N's  55,  t8,  9o,  108,  126,  154,  217,  22^, 

230,  231,  245,  252,  258,  267,  279,  291,  293,  323, 

178  355,  426,  432  removed  from  test. 

s/N's  55,  231,  291,  338  ceramic  substrate  broke  in 

two  and  one  piece  loose. 

c/m's  q6.  323  loose  ceramic  substrate. 

s/N's  78,  108,  151*,  ?67,  279,  >>32  loose  Au  wedge 

bond  to  thick  film  conductor  on  substrate. 

ff/nic  126  252  loose  transistor  chip. 

I/S's  S  217,  222,  230,  245,  252,  258,  293,  355, 

426  loose  Au  ball  bond  to  semiconductor  chip. 
s/N  232  switching  time  over  maximum  limit. 


Per  MIL-STD-883,  Method  2001,  30,000  G  Y2  Axis, 
Cond.  E 

TOTAL  OTY  249  . 

s/n's  138,  237"" cover  off  when  removed  from  carrier 

s/n  49  cover  off  after  acceleration.  Parts  re¬ 
moved  from  test. 


GO  NO-GO  Data  tog  Fails 

TOTAL  (?PY  246  TOTAL  OTY  FAIL  __6 — 

OTY  NEW  FAILURES  5  (2.06J) 

1^.  210.  24^-321*  329?* 

S/N's  142,  210,  249,  327,  448  removed  from  test 
s/n's  l42.  210,  448  lead  from  Pin  12  drooping 
down  and  shorting  to  thick  film  conductor  going 

to  Base  of  02- 

s/N  249  Pin  13  lead  wire  bonded  in  wrong  place 
thick  film  conductor  causing  lead  to  short  to 

Pin  12. 

s/n  327  loose  ceramic  substrate. 


_ _ 1 _ 

BURN-IN  0 
TA  =  *125  C 

72  HOURS 


Operating  Life  with  Loads  per  MIL-STD-883, 
Method  1015,  Cond.  D 
TOTAL  OTY  241 
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TEST  GROUP  NO.  1 


electrical 


Data  Log 


REVERSE  BIAS 
BURN-IN 


ELECTRICAL 


ACCELERATION 
Yi  AXIS 


FINE  &  GROSS 
SEAL  TEST 


I  totals  239  TOTAL  «TY  FAIL 

OTY  new  failures  _2-x  ^ 

n  /« I  ^  om  *  236* ,  292  ,  3721 


1?rOr  per  MIL-STD-883>  Method  1015, 

72  Hours  @  +125  t  per  nxx, 

,  Condition  A 

I  total  qty  238 

]£?«.%'**$  238  TOTAL  OTY  FAIL  JL 

J  QTY  NEW  FAIL  J_  t1*™ 

over  the 

.  svitching  tlTO  over  the  „!« 

S/S“'l31,  363  diode  reverse  current  over 
maximum  limit . 

per  MIL-STD-883,  Method  2001,  40,000  0,  Ip  Axis 
J  X^ovel^ff  vhen  removed  from  cerrler. 

Per  MIL-STD-883,  Method  1014,  Cond.  A  and 

_  total  arrra®  m  fOTtt  «n  ML  — 

.3  y?  i  3^1  007  TOTAL  2TY  FAIL  lOjj, 

TOTAL  OH  GROSS  237  - 

5TY  new  failures  122  ^2.^;  ■ 

57.  58^3%;^— irto  n?.  1.20.  121.  123 1  1£L 

- 179.  l8_0J_3ggx-^*42^  lg~^~253.  gL_ 
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TEST  GROUP  NO,  1 

_ 

ELECTRICAL 


X-RAY 


EXTEP 
VI  St 
INSPECT 


-  GO  NO-GO  Data  Log  Failures  at  25°C,  -55°C  +12S°C 
TOTAL  QTY  237  TOTAL  QTY  FAIL  +25OT  *  23 
QTY  NEW  FAILURES  20  (8 .6#)  ~ 

S/N’S  ik,  32,  .71,.  57j  127^  131*,  13^  1494  152. 

3561 3&' 

S/N  14,  52,  71,  127,  134  wedge  bond  to  thick  film 
conductor  open. 

’  III’  it?’,152’  l63>  233>  307'  356,  362, 

300,  427,  43b,  442  loose  ceramic  substrate. 

S/N  261  loose  gold  ball  bond  from  A1  realization  on 
semiconductor  chip. 

S/n  273  loose  transistor  chip. 

S/N  209  circuit  leakage  current  over  maximum  limit. 
QTY  NEW  FAIL  -55°C  5  (2.35#) 

S/N  * s  g4,  298.  305,  376.  413 
S/N  216  cover  fell  off. 

o/m  2P®'  ^°5  saturation  voltage  over  max.  limit  . 
°'N  376,  413  switching  time  over  max.  limit. 

TOTAL  QTY  FAIL  +125°C  11 
QTY  NEW  FAIL  _8_  (3.85#]“ 

w!  TE‘  10?’  112'  1771  209lt-  3g0-  3".  367, 

=/"’=  iz,  177,  209,  320,  357,  367,  370,  W7  fail 
current  source  test  limits. 

J1?'  121>  370  fail  switching  time  limits. 

S/N  105  loose  ceramic  substrate. 


MIL-STD-883,  Method  1012 
AL  QTY  20  QTY  FAIL  0 


r  MIL-STD-883,  Method  2009 
OTAL  QTY  113  QTY  FAIL  0 


Eiid  of  Class  .reening 


EPT  SAMPLE 


Total  #  Fallout  due  to  all  processing  74. 1 
Percent  Fallout  excluding  initial  failures'^ 


T Quality  Conformance  Inspection 
Sample  Size  38 


TOTAL  QTY  38 
S/N's  5,  127: 


/no  S-, h  12; •  28,  53,  56,  60,  87^  8^  02  oft 

157  a  lo2,  173^183,  22^7 
2%U  2°^>  212*  295>  299,  332,  333,  340, 
^  #5.  377,  382.  394  * 
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TEST  GROUP  NO.  1 


Per  MIL-STD-883,  method  1010,  Cond.  C, 

10  Cycles  -65°C  to  +150  C. 

TOTAL  QTY  38 

48  hours  @  +125°C  per  MIL-STD-883,  Method  1015, 
Cond.  A 
TOTAL  QTY  38 


Data  Log 
TOTAL  QTY  38 
QTY  FAIL  _1_ 

S/n  60  transistor  Q2  shorted  causing  base  lead 
to  bum  open . 


168  hours  %  +  125  C  per  MIL-STD-883,  Method  1015, 
Cond.  D. 

TOTAL  QTY  37 


Data  Log 
TOTAL  QTY  37 
QTY  FAIL  0 
S/N's 


Per  MIL-STD-883,  Method  2001,  40,000  G,  Yx  Axis 
TOTAL  QTY  37 


Pull  per  MIL-STD-883,  Method  2004,  Cond.  A 
(5  parts) 

Lead  No.  1,  3,  5,  11,  13 

S/N's  of  Parts  12,  28,  251,  3^0,  382 

QTY  FAIL  0 


Bend  per  EPT-800  on  5  parts 

Lead  No.  2,  4,  6,  8,  10 

S/N's  of  Parts  12,  28,  251,  340,  382 

QTY  FAIL  1 

s/N  28  lead  8  came  off 
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ELECTRICAL 


. . . . — — 

INTERNAL 

VISUAL 

' 

DISPOSr 

t/t 

[TON  OF 

£ - 

TO  STOCK 


Per  MIL-STD-883,  Method  lOlU,  Condition  A  and 
Step  2  of  C 

TOTAL  QTT  FINE  37  3T7  FAIL  _1_ 

S  ;N  162 .. 

TOTAL  Q'TY  GROSS  37  ^  FAIL  8 

S/N;s  12X.  28X.  9^7  183;  248,  251  ,812,  368- 

S/N  28  lead  6  also  fell  off 

X  S^N's  12,  28,  251  were  subjected  to  lead  bend  & 
pull. 


Data  Log 
TOTAL  QTY  37 
QJTY  FAIL  r 

S/N's  28*  leads  6  &  8  off  from  previous  testing 


Decap  10  parts  20  wires  pulled /device. 
Visual  Inspection  and  bond  pull  tests. 

S/N's  12,  28,  251,  340,  382,  98,  183,  248,  332, 
368 

total  cpr  10  qw  fail  2 
s/n's  98.  332" 

s/n  98  wedge  bond  pulled  at  1.6  gram 
s/N  332  two  ball  bonds  pulled  at  0.7  gm. 


Unopened  EPT  Samples  sold  to  production. 
QTY  SOLD  TO  PRODUCTION  25 


Qty  released  to  Stock  102 
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APPENDIX  DIB 

DATA  FROM  TEST  GROUP  NO.  2 


197 


VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
WITH  RADC  PER  MH-STD-883,  METHOD  5°04 


TEST  GROUP  NUMBER  _2_ 

PART  TYPE  -  MEMORY  HYBRID  SWITCH. 

RECEIVED  MARCH  &  MAY  197CL 
DATE  CODES  7008.  7009.  7011 


Qty  171  s/n  M2=|6ia. 


Class  "C"  Screening 


EXTERNAL  VISUAL 
INSPECTION  & 


LSF?IALiai)IIQII. 


Place  serial  numbers  on  all  samples  and  look  for 
visual  rejects  at  same  time. 

Qty.  171 


GO  NO-GO  testing  and  data  log  failures. 

Total  Qty.  25°C  1£L  Qty.  Fail  25°C  4  (2.34#) 

S/N's  476,  485,  490,  551  fail  maximum  limit  for 
switching  times. 

Total  Qty.  -55°C  ]J1  Qty.  Fail  -55°C  __6_( 3 . 59% ) 
S/N's  454.  537.  541.  542.  6lO.  6l2 

S/N  454,  537,  541,  542,  6lO  fails  saturation 
voltage  maximum  limit. 

S/N  454,  537,  612  fails  switching  time  maximum 
limits. 

Total  Qty.  +125°C  1J1  Qty.  Fail  +125°C  1  (0.62#) 
S/N  518  fails  current  source  minimum  limit. 


Per  MIL-STD-883,  Method  1008,  Condition  C,  48  hrs 
minimum  @  +150°c. 

Qty.  in 


GO  N0-<J0  data  log  failures.  Test  in  Dept.  32-38 
with  RADC  Programs. 

Total  Qty.  1J1  Qty  Fail  _1_  (0.625%) 

s/N  612  fails  circuit  leakage  current  max.  limit. 

s/N  612  Q1  collector  to  emitter  short.  Collector 
base  breakdown  voltage  is  9  Volts. 
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Per  MIL-STD-883,  Method  1010,  Condition  C, 
10  cycles,  -65°C  to  +150°C. 


GO  NO-GO  data  log  failures 
Total  Qty.  171  Total  Qty.  Pail  _1_ 
Qty.  New  Fails  0 
S/N  6l2i 


Per  MIL-STD-883,  Method  2001,  30,000  G 
Qty.  171 


Per  MIL-STD-883,  Method  10l4,  Condition  A  and 
Condition  C,  Step  2.  GO  NO-GO  fine  leak  rate 
lijnit  1  x  10~7  ATM  cc/sec. 


Total  Qty.  Fine  Seal  Tested 
Total  Qty.  Gross  Seal  Tested 
Qty.  Fail  Fine  0 
Qty  mi  Gross  JT  (2.5$) 
r/m's  452.  491.  537.  5^7 


171 

171 


S/N's  537  &  567  removed  from  test. 


Data  log  all  units. 

Total  Qty!  fM  5  Qty-  New  Failure s_M 2. 56$) 
Qj/m' e  49fir  554.  565  .  60 6  .  6121 

S/N's  498,  554,  565  ,  606  ,  612  removed  from  test. 

S/N  498  loose  ball  bond  to  aluminum  metalization 
of  diode. 

S/N's  554,  606  external  lead  missing. 

S/N  565  loose  ceramic  substrate. 


End  of  Class  "C"  screening  procedures  per  MIL-STD-883,  Method  5004. 


Total  Fallout  l8  =  10.5$. 

m  n  _ 

Fallout  excluding  initial  failures  _9_  5-  >2t> 
*  Failed  earlier  test. 
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TKST  GROUP  NUMBER  2 


Beginning  of  Class  "B" 

l 

BURN-IN 
TA  =  +125°C 

168  HRS 

t  — 

ELECTRICAL 


Screening  per  MIL-STD-883,  Method  5004 

Per  MIL-STD-883,  Method  1015,  Condition  D 
Qty.  16 4 

Data  log  all  units.  Total  Qty.  l64 
Qty.  Fail  (O.oli) 

3,/n  575  circuit  leakage  current  over  max. limit. 


End  of  Class  "B"  Processing 

Total  Fallout  to  obtain  Class  B  Processed  Parts 

Fallout  excluding  initial  failures  10 

1S0  =  6.25$ 


19  =  11.1$ 
171 


Beginning  of  Class  "A"  Processing  per  MIL-STD-883,  Method  5004 


THERMAL  SHOCK 

* 

ELECTRICAL 

-  .  -Ji 

< 

MECHANICAL 

SHOCK 


| 

i 


i 


Liquid  to  liquid  Total  Qty.  164 

Per  MIL-STD-883,  Method  1011,  Condition  C, 
15  Cycles,  -65°C  to  +150°C. 


GO  NO-GO  Data  Log  Fails 

Total  Qty.  164  Qty.  New  Failures  1  (0.6l4<£) 

Total  Qty.  Fail  _2_ 

S/N's  575*.  578 

S/N  578  removed  from  test.  External  pin  8  missing. 


Per  MIL-STD-883,  Method  2002,  Condition  F, 

Y]_  Axis,  One  Shock,  20,000  G  Peak 

Total  Qty.  163 

Qty.  Damaged  2  (l.23%) 

S/N's  450.  607 

S/N's  450,  607  case  damaged  due  to  it  being  too 
fragile. 
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TEST  GROUP  NUMBER  2 


ELECTRICAL 


GO  NO-GO  Data  Log  Fails 

Total  Qty .  162 

Total  Qty.  Fail  ^O 

Qty.  New  Failures  28  (17.3$) 


•  iiv-  "  \  —  1  -  r  f 

s/n's  44%,  jtSl*  4£3u  466.  j£q,  475 .  477.  478.  483,4£a,492,49a, 
495.  500.  549,.  551*,  560,  563^  &-5&1  5I5i*JH rJ86.! 

590,  391,  595.  397,  6oo,  605,.  609.. 


S/n's  449,  466,  473,  475,  500,  569,  600  ceramic  substrate 
broke  in  two  with  one  section  loose  and  the  other  firmly 


attached. 

s/N's  457,  1+64,  551,  566,  577,  586,  591,  595,  605,  609  loose 

gold  ball  bond  to  aluminum  metalization  on  semiconductor 
chip. 

S/N's  477,  478,  489,  492,  493,  495,  549,  580  loose  ceramic 
substrate . 

s/n  483  fails  diode  leakage  current  maximum  limit. 

S/N's  563,  590,  597  loose  wedge  bond  to  thick  film  conductor 
on  substrate. 


ACCELE 

Y1 

RATION  • 
AXIS 

f  . 

ELECTRICAL 

Per  MIL-STD-883,  Method  2001,  30,000  G,  Y-|_  Axis, 
Cond.  E 

Total  Qty .  130 

s/N  526  came  apart  during  removal  from  carrier. 


GO  NO-GO  Data  Log  Fails 
Total  Qty .  130 

Total  Qty.  Fail  1£  Qty.  New  Failures  10  (7-7$) 
s/N's  455.  485*,  4§6,  $4o1_^3x-558j-5IQi.  572* 
575*,  592,  595*, 


S/n's  455,  496,  540,  553,  558,  570,  572,  592, 
601,  613  removed  from  test. 


S/n's  455,  496,  540,  570,  572,  592,  601,  613 
loose  ceramic  substrate. 

S/n's  553,  558  ceramic  substrate  broke  in  two  with 
one  piece  loose  and  the  other  firmly  attached. 


BURN- 

TA7P~1 

-IN  0 

+125  c 

•ms 

> 

Operating  Life  with  Loads  per  MIL-STD-883, 
Method  1015,  Cond.  D. 

Total  Qty .  Il6 

s/n  559  would  not  operate.  Part  removed  and 
cover  &  substrate  fell  off. 
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Data  Log 

Total  Qty.  116  Total  Qty.  Fail  2 
Qty.  New  Failures  0 
S/N's  575*,  595* 


72  Hrs  0  +125°C  per  MIL-STD-883,  Method  1015, 

Condition  A 
Total  Qty.  Il6 


Krtll^y?  ^25°C  U6  Total  Qty.  Fail  _2_ 
Qty.  New  Fail  0 

S/N,s  575*i  .592- 

S/N  595  removed  from  test. 


Per  MIL-STD-683,  Method  2001,  30,000  G,  Yq  Axis 
Cond.  E 

Total  Qty.  115 

S/N  589  cover  fell  off. 


GO  NO-GO  Data  Log  Fa  ils 
Total  Qty.  Total  Qty.  Fail  l8_ 

Qt.  New  Failures  1J  (l4.9$) 
s/n'b  470.  460 
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s/n's  k&j' 
moved  from  test 


99,  507,  561. 


S/N  467  loose  wedge  bond  to  the  external  lead  post 
s/n  468,  561,  568,  588  loose  ceramic  substrate. 
s/n  499,  507  cermaic  substrate  broke  in  two  with 
one  piece  loose  and  other  flmrly  attached. 
s/n  588  external  lead  missing. 
s/N  599  loose  diode  chip. 

Qty.  Pail  -55°C  1  Qty.  New  Failures  0 
s7n  541*  " — 

Qty.  New  Pail  +125°C  _1_  (.952*)  s/n  46l 
S/N  46l  fails  circuit  leakage  over  maximum  limit. 

Per  MIL-STJ)-883,  Method  1012,  Total  ot.  34 
Qty.  Fail  0 

Per  MIL-aPD-883,  Method  2009 
Total  Qty.  ^4  Qty.  Riil  0 


Total  *  Fallout  due  to  all  Processing  80.0* 
Percent  Fallout  excluding  Initial  Failures  78«7* 


EPT  SAMPLE 


Quality  Conformance  Inspection 
Sample  Size  30 


TEST  GROUP  NUMBER  2 

- ^ - 1  Per  MIL-STD-883,  Method  1010,  Cond.  C, 

FyP^ATURE  CYLCHJ0  :  10  Cycles  -65°C  to  +150°C. 

- 1 - 1  Total  Qty.  ^0 


VT  STRESS 


ELECTRICAL 


OPERATING 

BURN-IN 


48  Hrs  @  +125  C  per  MIL-STD-883,  Method  1015, 
Condition  A 
Total  Qty.  30 


Data  Log 

Total  Qty.  30 
Qty.  Fail  (5^ 


168  Hrs  @  +125°C  per  MIL-STD-883,  Method  1015, 
Condition  D 
Total  Qty.  30 


ELECTRICAL 


Data  Log 

Total  Qty.  30 
Qty.  Fail  0 


ACCELERATION 
Yx  AXIS 


Per  MIL-STD-883,  Method  2001,  40,000  G,  Axis 
Total  Qty.  30 


LEAD  BEND 
AND  PULL 


Pull  per  MIL-STD-883,  Method  2004,  Cond.  A 
(4  Parts) 

Pull  Lead  No's  1,  3,  5,  7,  9 


Qty.  Fail  0 

Bend  per  EPT-800  on  4  parts 
Bend  Lead  No's  2,  4,  6,  8,  10 
S/N's  of  Parts  481.  484  .  502. 
Qty  Fail  0 


TEST  GROUP  NUMBER  2 


per  MIL-STD-883,  Method  1014, 
Condition  A  and  Step  2  of  C 


Total  Qty.  Fine  ^0  Qty.  Fail  _0_ 


Total  Qty.  Gross  ^0  Qty.  Fail  _J5_  (10.0$) 
S/N’s  454.  502.  587-  ...... 

S/N's  484,  502  were  on  lead  bend  and  pull  test. 


Data  Log 

Total  Qty.  30 
Qty.  Fail  0 


Decap  5  Parts 

Visual  inspection  and  Bond  Pull  Tests 

s/N  4&L  SQ2.  532a  587.. 

Total  Qty.  JL  Qty.  Fail  _0_ 


The  unopened  EPT  Samples  to  be  sold  to  production, 
Qty.  Sold  to  Production  25 


TO  STOCK 


Qty.  released  to  Stock  29 


appendix  iiic 

data  from  test  group  NO.  3 
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VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
WITH  RADC  PER  MIL-STD-883,  METHOD  5004 


TEST  GROUP  NUMBER:  2 
SUPPLIER:  B 
QUANTITY:  193 
RECEIVED:  MARCH  1970 


PART  TYPE:  LADDER  SWITCH  AND  DRIVER 

S/N's:  1  thru  193 

DATE  CODES:  7004,  7005.  7006,  7008 


Class  "C"  Screening 


Place  serial  numbers  on  all  samples  and 
look  fo-  visual  rejects  at  same  time. 

QTr: 


GO  NO-GO  testing  and  data  log  failures. 
TOTAL  QTY  25  C  1^  QFY  FAIL  25  C  0 


TOTAL  QTY  -55  C  1^3  QTY  FAIL  -55  C  10^ 
's:  9.  11,  16,  18,  67.  116,  l4l.  178,  1 


fai^  maximum 
series  resistance  limit  at  -55  C. 

11.  l6,  18,  ll6,  l4l,  193  fail  maximum 


TOTAL  QTY  +125  C  122  QTY  FAIL  +125  C  2*  (1, 
S/N’s:  178*,  l84» 

S/N's  17b,  104  fail  maximum  series  resistance 
limit  at  +125  C. 


Per  MIL-STD-883,  Method  1008,  Condition  C,  48  hrs 
minimum  ®+150  C. 

QTY:  122 


GO  NO-GO  data  log  failures.  Test  in  Dept.  32-38 
with  RADC  Programs. 


TOTAL  QTY:  193 
S/N:  178 


QTY  FAI,:  1  (O.j 


*pfeiled  earlier  test 


2i 


TEST  GROUP  NUMBER:  1 


Per  MIL -STD -883,  Method  1010,  Condition  C, 
10  cycles,  -6 5  c  to  +150°C. 

Transfer  time  less  than  1  minute. 

QJTY:  193 


GO  NO-GO  data  log  failures. 

TOTAL  QflY:  1^  QTY  FAIL:  1^ 

CJTY  NEW  FAIL:  0 
S/N:  178* 


Per  MIL-STD-883,  Method  2001,  30,000G 
QTY:  121 


Per  MIL-STD-883,  Method  1014,  Condition  A  and 
Condition  C,  Step  2.  GO  NO-GO  fine  leak  rate 
limit  1  x  10“7  ATM  cc/sec. 


TOTAL  QTY  Fine  Seal  Tested:  193 
TOTAL  QTY  Gross  Seal  Tested:  121 
(STY  FAIL  Fine 
S/N's:  33. 

139.  14T, 

23»  aa 

qjn  FAIL  Gross:  11 
S/N's:  38,  44,  ^ 


84  .  87.  108,  112, 

123.  134,  139.  1^7.  1$&,  188,  169,  rfe, 


112.  123,  134,  147 


Data  log  all  units. 

TOTAL  QTY :  193 

TOTAL  QTY  FAIL:  2 

QTY.  NEW  FAILURES?  1  (0.52#) 

S/N's:  178* ,  181 

s/n  181  failed  because  both  diffused  resistor 
chips  are  loose. 


End  of  Class  "C"  screening  procedures  per  MIL-STD-883,  Method  50°^ » 

TOTAL  FALLOUT:  30/193  =  15-5# 

FALLOUT  WITHOUT  INITIAL  FAILS:  20/183  =  10. 9ft 


♦Failed  earlier  test 
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TEST  GROUP  NUMBER:  2 


Beginning  of  Class  "B"  Screening  per  MIL-STD-883,  Method  5004 


_ 11 

BURN- 

ta  = 

168  I 

- - 

•IN  o 

+125  c 

irs. 

N 

f 

ele< 

7TRICAL 

Per  MIL-STD-883,  Method  1015,  Condition  D 

Qty:  122, 

Data  log  all  units.  Total  Qty:  192 


Total  Qty.  Pail:  2 

Qty.  New  Failures:  3  (1-57$) 

S/N's:  10  .  30  ,  38,  jMZSS 

S/N  10:  Offset  voltage  increased  over  the 
maximum  limit .  Part  left  on  test  and  it 
passed  later  tests  until  it  was  placed  on 
burn-in  again. 

s/N  30 :  Input  current  increased  over  the 
maximum  limit .  Part  left  on  test  and  it 
passed  later  tests.  Part  was  lost  prior  to 
the  next  burn-in. 

s/N  38:  Circuit  leakage  current  increased 
over  the  maximum  limit.  Part  left  on  test 
and  it  passed  later  tests  until  it  was  placed 
back  on  burn-in  again. 


End  of  Class  "B"  Processing 


Total  Fallout 
Parts: 

193  * 

Total  Fallout 


to  Obtain  Class  B  Processed 

1 6.6$ 

Excluding  Initial  Failures* 


22  « 
153 


12$ 


Beginning  of  Class  "A"  Processing  per  MIL-STD-883,  Method  5004 
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T  GROUP  NUMF.-tt  :  _ 


i 


Liquid  to  Liquid  Total  Wy:  TO 

For  MIL-STD-383,  Method  1011,  Cond.  C 
15  Cycles,  -65  C  to  *150  C 


GO  NO-GO  Data  Log  Fails 
TOTAL  OTY:  193 
TOTAL  :«TY  FAIL:  2 
,/TY.  NEW  FAILURES:  £ 
3/N's:  H'*,  1'** 


For  MIL-5TD-363,  Method  2002,  Cond.  F 
Y  Axis,  Ono  Chock,  20,0000  Peak 

TOTAL  CTY :  193. 

Qty.  Damaged:  0 


jO  NO-GO  Data  Log  Fails 
rOTAL  CJTY :  191 

TOTAL  QfTY  FAIL:  8 

t^7B2.  115, 

removed  from  test 

145  loose  ceramic  substrate 


;/n'! 


3/H's:  115,  lp-~> 

j/jj  16  Loose  resistor  chip 
- /*j  Ap  Loose  transistor  chip 
S/S  1UT  Sse  wedge  bond  to  thick-film  con- 


Per  MIL-STD-383,  Method  2001 
30 , COOG  Y2  Axis,  Condition  E 

TOTAL  3TY:  l86 
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TEST  GROUP  NUMBER:  ^ 


GO  NO-GO  Data  Log 
TOTAL  QTY: 

TOTAL  QTY.  FAIL: 

cty.  new  failures 
S/N's:  60, 


Fai1  s 


2 

r  i  (q.5570 


s/N  60  Removed  from  Test  -  U>ose  wedge 
bond  goinc  to  thick-film  conductor  on 


_  _ -A-  4-  /*\ 


Operating  life  with  loads  per 
Method  1015,  Condition  D 
TOTAL  Q'TY:  1 §1 
S/N  30  missing  from  test. 


MIL -STD -38 3, 


2  (1.10£) 
35*,  W* 


Data  Log 
rOTAL  QTY :  1§]+ 

TOTAL  QfTY  FAIL:  5 
QTY.  NEW  FAILURES: 
c/m«c.  8.  10*.  28, 

I'/S  a'  iwut  zero  -cul^r^or  the  noxomn 

s/N  28  ^Circuit  leakage  current  over  the 
maximum  limit . 

(Both  parts  left  on  test  and  they  passed 


72  Hrs.  9  +  150  C  per  MIL -STD -^3 3 , 
Method  1015,  Condition  A 
TOTAL  CJTY :  l3U 
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electrical 


_ fc _ 

ACCEI.FSATION 
Yp  AXIS 


_ * _ 

PINE  AND  DROSS 

SEAL  TEST 


Data  Log  3  25  C 
o 

TOTAL  ;jTY.  +25  C  l84 
TOTAL  qfTY.  FAIL:  5 

QfTY.  NEW  FAIL:  5  (2.23%) 

S./N's:  73,  l4l,  166,  1T8*/184 

S/N  73  Part  has  solid  material  inside  of 

package  as  if  liquid  was  in  package 
and  it  became  a  solid. 

S/N’s  l4l,  l66:  Circuit  leakage  current 
increased  over  the  maximuni  limit . 
S/N  184  Series  resistance  increased  over 
the  maximum  limit. 


Per  MIL-STD-883,  Method  2001 

40,OOOG,  Y2  Axis  (Note:  Yg  Axis  done  in 

error) 

TOTAL  QTY:  1§4 

S/N  152  Pin  1  (external  lead)  came  off. 


Per  MIL-STD-333,  Method  10 14, 
Condition  A  and  Condition  C,  Step  2 
TOTAL  QTY.  FINE:  183 
TOTAL  qfTY.  FAIL:  ”l4 
vJTY.  NEW  FAILURES:  0 


TEST  GROUP  NUMBER : 


3 


' 

L _ 

ELECTRICAL 

> 

f 

ACCELERATION 

Y  AXIS 

o 

GO  gO-GO  Data  Log  Failures  at  25  C, 

-55  C,  +125°C 

TOTAL  CJfTY :  i§3  0 

TOTAL  CfTY.  FAIL  25  C:  7 

qfTY.  NEW  FAILURES:  3  (l.7Q^) 

S/N’s:  11,  22,  l4l*,  1 66*,  110,  178*,  134* 


S/n'g  11,  22,  170  -  Internal  leads  drooped 
down  and  shorting  to  edge  of  semiconductor 
chips  and  thick-fiLm  conductors  on  substrate. 

0 

TOTAL  qn.  FAIL  -55  C:  12 

qn.  new  failures:  3  (1.72^) 


3/N’s:  4  9».n».  I1*.  IS*,  22* ,  3?,  67* , 
116*,  I4l*t  178*,  184* 


S/N's  4,  l4  -  Series  resistange  marginally 
over  the  maximum  limit  at  -55  C. 

S/N  32  -  Interngl  leads  drgoped  down  and 
shorting  at  -55  C  and  +125  c  only. 

TOTAL  FAIL  +125°c:  7 

qn.  mi  FAILURES:  I  (0.57&) 


s/N's:  11*,  22*,  32*,  125,  170*.  178*,  184* 
S/N's  11,  22,  170:  Removed  from  test  for 
failure  analysis. 

S/N  125  leads  drooped  down  and  shorting  at 
+125  u  only. 

S/N  l6  accidently  put  back  on  test. 


Per  MIL-STD-383,  Method  2001 
40,000  G,  Y  Axis 
TOTAL  QTY:  180 
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TEST  GROUP  NUMBER:  % 


_ £ _ 

FINE  AND  GROSS 
SEAL  TEST 


_ * _ 

ELECTRICAL 


Per  MIL-STD-883,  Method  1014 
Condition  A  and  Condition  C,  Step  2 
TOTAL  QTY.  FINE:  180 

TOTAL  s/TY.  FAIL:  £ 

QTY.  NEW  FAILURES:  2  (l.l2fl) 

S/N's:  38,  57*.  63,  llg 

TOTAL  QTY.  GROSS:  l80 

TOTAL  QTY.  FAIL:  5 

QTY.  NEW  FAILURES:  0 

s/N's:  38*.  44*.  46*.  63*,  87*,  112*. 


o 

GO  NO-GO  Data  Log  Failures  at  +25  c, 

-55°C  and  +325°C 
TOTAL  QTY:  1§0  0 

TOTAL  QTY.  FAIL  +25  C:  2 
am.  NEW  FAILURES:  4  (2~2Q$) 


S/N's:  16*.  54,  69.  94,  112*  lM*i  166^ 
178*,  l84» 

s/n  5U  -  Loose  wedge  bond  to  thick-film 
gold  conductor  on  substrate  and  loose  gold 
ball  bond  to  pin  2  gold  plated  post. 

S/N's:  69,  94,  112:  Loose  ceramic  substrate. 

o 

TOTAL  OTI.  FAIL  -55  C:  17 

STY.  NEW  FAILURES:  (2.28$) 


S/N’s:  4*.  9*.  l4*,  1,5.  l6».  lfl*.  54*,  67^, 
55*.  94*.  108 f  112* .  lib* ,  141*^, 

178*,  184*,  185 


o 

S/N  15  -  Marginal  over  maximum  -55  C  limit 
for  serieB  resistance. 

S/N's  106,  185:  Unresolved,  All  internal 
bonds  pass  1.5  gm  bond  pull.  Devices  also 
pass  internal  visual  inspection.  Lead  dress 

O.K.  o 

TOTAL  QTY:  FAIL  +  125  C.  8 
QTY.  NEW  FAILURES:  0 

S/N's:  4*.  16*.  54*7  69*.  94*,  112*,  lTfei. 

155* 


V 


TEST  GROUP  NUMBER:  £ 


Per  MIL-STD-883,  Method  1012 
TOTAL  QTY:  20 
QTY.  FAIL:  0 


Per  MIL-STD-883,  Met  he  a.  2009 
TOTAL  QTY:  lAl 
QTY.  FAIL:  0 


End  of  Class  "A"  Screening 


TOTAL  PERCENT  FALLOUT  DUE  TO  ALL 
PROCESSING:  27.0$ 

PERCENT  FALLOUT  EXCLUDING  INITIAL 
FAILURES  :  21.8$ 


Quality  Conformance  Inspection 
Sample  Size  38. 


TOTAL  QTY:  38 
S/N's 


5,  13,  IT,  21.  23,  37,  jflx 

p,  (a,  Wi  EZBI  T5,  Si 

So',  83,  86  ,  97  ,  99,  iog,  103, 
109.  111.  113,  lib.  120,  129, 
130,  133,  137,  Ml  W.  16T- 
166,  182,  188 


Per  MIL-STD-8§3,  Method  1010,  Cond.  C 
10  Cycles  -65  C  to  +150  C 
TOTAL  QIT:  ^8 


48  hours  @  +125  C  per  MIL-STD-883, 
Method  1015,  Condition  A 
TOTAL  QTY:  ^8 
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TEST  GROUP  NUMBER:  2, 


Data  Log 

38 

TOTAL  QTY: 

tJTY.  FAIL: 

0 

l68  hours  @ 

+125°C  per  MIL-STD-883 

Method  1015,  Condition  D 
TOTAL  «£TY:  ^8 


Data  Log 
TOTAL  QfTY:  ^8 
QTY.  FAIL:  0 


Per  MIL-STD-883,  Method  2001 
40,000  G,  Y^  Axis 
TOTAL  Q'TY: 


Pull  per  MIL-STD-883,  Method  2004, 
Condition  A  (4  parts) 

Lead  N's  1,  3,  5,  7,  9_ 

S/N's  of  Parts:  17.  71.  97,  Hi 
QTY;  FAIL:  0 

Bend  per  EPT-800  on  4  parts 
Lead  N's  2.  4t  6,  8,  10 

S/N's  of  parts:  17.  71,  97,  111 
OT Y.  FAILED:  0 


Per  MIL-STD-883,  Method  1014 
Conditions  A  and  Step  2  of  C 
TOTAL  OTY.  FINE:  38 

OTY.  FAIL:  0  _  ,, 

TOTAL  QJPY.  GROSS:  38  ®TY.  FAIL:  1  (2.63?) 
s/N  71  was  subjected  to  lead  bend  and  pull 
testing. 
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TEST  GkOUF  NUMBER:  2. 

I - ^ - 1 

ELECTRICAL 


_ 

INTERNAL 

VISUAL 


V _ 

DISPOSITION  OP 
LOT 


_ U- 

TO  STOCK 


Data  Log 
TOTAL  QfTY:  ^8 
OTY.  PAIL:  0 


Decap  4  parts. 

Visual  inspection  and  bond 
pull  tests  (40X,  lOQX) 

S/N's:  XT,  71,  9Tj_111 

TOTAL  QfTY:  4  QTY.  FAIL:  1 
S/N  97  -  One  ball  bond  pulled  off  at  0.2  gm 
from  aluminum  metalization  of  PJP  transistor. 


Unopened  EFT  samples  to  be  sold  to  production. 
QJFY.  SOLD  TO  PRODUCTION:  ^4 

qjTi.  RELEASED  TO  STOCK:  1^7 


APPENDIX  HID 

DATA  FROM  TEST  GROUP  NO.  4 
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VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
WITH  RADC  PER  MIL-STD-883,  METHOD  5004 


TEST  GROUP  NUMBER:  4 
SUPPLIER:  A 
QUANTITY:  307 
RECEIVED:  APRIL  1970 


PART  TYPE:  LADDER  SWITCH  AND  DRIVER 
S/N's:  19^~thru  500 

DATE  CODE:  7011 


Class  "C"  Screening 


Place  serial  numbers  on  all  samples 
and  look  for  visual  rejects  at  same 
time. 

QTY:  22! 


GO  NO-GO  testing  and  data  log  failures. 
TOTAL  QTY:  25  C  -  221 
QTY.  FAIL:  25°C  -  0 

TOTAL  QTY.  -55°C  =  221 
QTY.  FAIL  -55  C  ■  5  (1.63*) 

S/N's:  226,  261,  264,  299,  443 

S/N's  226  ,  264  ,  299  -  fall  maximum  limit 

for  offset  voltage  at  -55°C. 

S/lf’s  26l,  264,  44-3  -  fail  mgximum  limit 
for  series  resistance  at  -55°C. 

TOTAL  QTY.  +125°C:  2£L 
QTY.  FAIL  +125°C:  0 


Per  MIL-STD-883,  Method  1008,  Condition  C 
48  Hrs.  minimum  @  +150°c. 

QTY:  221 


GO  N0-K30  data  log  failures.  Test  in 
Dept.  32-38  with  RADC  Programs. 

TOTAL  QTY:  221  QTY.  FAIL:  0 
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TEST  GROUP  NUMBER: 


k 


Per  MIL -STD -88^,  Method  1010,  Cond.  C 
10  Cycles,  -65  c  to  +150°C 
Transfer  time  less  than  1  minute. 

Q'TY:  221 


GO  NO-GO  data  log  failures 
TOTAL  OTY:  221 
QTY.  FAIL:  0 


Per  MIL-STD-883,  Method  2001,  30,000G 
qfTY:  227 


Per  MIL-STD-883,  Method  1014, 
Condition  A  and  C,  Step  2. 

GO  NO-GO  fine  leak  rate  limit  1  x  10 
AIM  cc/sec. 


TOTAL  gry.  SEAL  TESTED:  221 
Q'TY.  PAIL  FINE:  21  (6.85%) 

S/N's:  194.  195.  200.  205.  2l8t  227, 
228  230,  240.  255.  262.  263. 

*■>:  a:  ss:  g;  3^;  m 

380.  456.  49? 


qfTY.  FAIL  GROSS:  13  (4.9^) 

s/n* 


r's:  194.  195.  205.  227.  230.  240. 

ffi  ff.  4.  ^  3C9f  3i5t 

38°,  456,  496 


Data  log  all  units. 

TOTAL  QfTY.  $£  STY.  NEW  FAIL:  1  (°-33») 
S/N  360  -  Offset  voltage  increased  over 
maximum  limit. 


End  of  Class  "C"  screening  procedures  per  MIL-STD-883,  Method  5004 
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TEST  GROUP  NUMBER :  4 


TOTAL  FALLOUT  TO  OBTAIN  CLASS  "C" 
PARTS:  23 

307 

TOTAL  FALLOUT  EXCLUDING  INITIAL 
FAILURES:  01 

307  = 


Beginning  of  Class  "B"  Screening  per  MIL -STD -88 3,  Method  5004 


Per  MIL-STD-883,  Method  1015,  Cond.  D 
Q IY:  306 


Data  log  all  units.  TOTAL  QTY:  306 

TOTAL  CUT.  FAIL:  6 

«3fnr.  NEW  FAILURES:-  5  (l.64*) 

S/N's:  219,  267,  329,  36q»,  409.  4l4 

S/U  219  -  Offset  voltage,  series  resis¬ 
tance  and  circuit  leakage  current 
increased  over  maximum  limit.  Device  left 
on  test  and  it  continued  to  fail  until 
after  reverse -bias  burn-in.  After  R-B 
bum-in,  the  part  was  O.K. 

S/N  267  -  Circuit  leakage  current  increased 
over  the  maximum  limit  as  if  part  shorted. 
Part  had  a  loose  metallic  particle  inside 
case. 

S/N  329  -  Input  currents  increased  due  to 
burn-in  but  were  O.K.  later.  They  in¬ 
creased  again  during  the  second  bum-in. 
Cause  of  failure  unresolved. 

S/N  409  -  Quitter-base  leads  of  look  as 
if  they  are  shorted  together.  Input  offset 
voltage  and  circuit  leakage  current  over 
maximum  limit,  later  it  was  O.K.  but  vent 
bad  again  during  second  bum -in . 

S/N  4l4  -  Input  offset  voltage  drifted  over 
the  maximum  limit. 
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TEST  GROUP  NUMBER:  4 
Erd  of  Class  "B"  Processing 


Beginning  of  Class 

i 

THERMAL 

SHOCK 


_ * _ 

electrical 


_ * _ 

mechanical 

SHOCK 


* — 
electrical 


TOTAL  FALLOUT  TO 
PROCESSED  PARTS: 


OBTAIN 


CLASS  B 


TOTAL  FALLOUT  EXCLUDING 
FAILURES: 

26 

307 


INITIAL 

8.47# 


"  Processing  per  MIL-STD-883,  Method  5004 

t 


Liquid  to  liquid  TOTAL  QfTY :  ^0 6 

Per  MIL-STD-883,  Method  1011,  Cond  C 
15  Cycles,  -65  C  to  +150  C 


GO  NO-GO  Data  Log  Fails 
TOTAL  qnr:  306 
TOTAL  QTY.  FAIL:  £ 

(JET.  NEW  FAILURES:  0 

s/n'b:  219*.  360* ,  4l4» 


Per  MIL-STD-883,  Method  2002,  Cond  F 
yx  Axis,  One  Shock,  20,000  G  Peak 

TOTAL  QW:  12§. 
gfTY.  DAMAGED:  0 


GO  NO-GO  Data  Log  Fails 

TOTAL  QJPY:  306 

TOTAL  qpY  FAIL:  4 

(jry.  NEW  FAILURES:  1  (0.33#?- 

S/N's:  219*.  360*.  4l4»,  472 

S/N  472  removed  from  test. 

s/N  472  loose  wedge  bond  to  thick-film 

conductor  on  substrate. 
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TEST  GROUP  NUMBER:  4 


Per  MIL-STD-883,  Method  2001 
30,000  G  Y2  Axis,  Condition  E 
TOTAL  Q'TY :  ^ 


GO  NO-GO  Data  Log  Fails 
TOTAL  QJTY:  305 
TOTAL  QPY.  FAIL:  £ 

QTY.  NEW  FAILURES:  0 

S/N's:  219* ,  360*.  4l4» 


Operating  Life  with  loads  per 
MIL-STD-083,  Method  1015,  Cond.  D 
TOTAL  QTY:  306 


Data  Log 

TOTAL  qri;  30 6 

TOTAL  QTY.  FAIL:  6 

9TY.  NEW  FAILURES:-  1  (0.33g) 


4l4* 


%>i '  ■=  81?»-  >«»*, 

S/N  337  "  Circuit  leakage  current 
increased  over  maximum  limit.  High  leak¬ 
age  current  went  away  during  reverse  bias 
burn-in. 


72  Hrs.  @  +150  C  per  MIL-STD-883, 
Method  1015,  Condition  A 
TOTAL  <£Y: 
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TEST'  "ROUP  NUMBER: 


Data  Log  @  25  C 
TOTAL  QTY  +25°C:  305 

TOTAL  QTY.  FAIL:  £ 

QST.  NEW  FAILURES:  3  (0.99^6) 

S/N's:  217,  228,  345,  360* ,  4l4» 
S/N's  217>  226  -  SeriCb  resistance 
drifted  over  the  maximum  limit. 

S/n  3^5  -  Offset  voltage  drifted  over 
the  maximum  limit. 


Per  MH-STD-883,  Method  2001 
40,000  G,  Axis 
TOTAL  ®Y:  1 


Per  MIL-STD-883,  Method  1014 
Conditions  A  and  C,  Step  2 
TOTAL  QTY;  FINE:  305 
TOTAL  Qtin.  FAIL:  1£ 

QTY.  NEW  FAILURES:  1  (0.35*) 


S/N's:  194*,  200* ,  205».  218*.  227*. 

apr^g*.  g63*.~groc 

3g»,  3^>.  355*7 
3^0*.  434, >56*.  490* 


TOTAL  QTY.  GROSS: 
TOTAL  QTT.  FAIL: 
<3TY.  NEW  FAILURES: 


a-ta-fr) 


S/N's: 


191,. .  10«,  200,  205.,  gfl, 
227* »  220,  230*.  240*,  255* , 
2^3,  264*!  265*!  268*!  319. 
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TEST  GROUP  NUMBER:  4 


1 


ELECTRICAL 


_ _ 1 

i 

X-RAY 

, - it 

EXTERNAL 

VISUAL 

INSPECTION 

GO  gO-GO  Da£a  Log  Failures  At  +25°C, 
-55  C,  +125  C. 

TOTAL  QT7 :  305 

TOTAL  QTY.  FAIL:+25°C:  6 

QTY.  NEW  FAILURES:  2  (0T67#) 


s/N's:  220* 


--  ,  3^5*,  3CO».  414*.  4«w.  489 

S/N  3+5  -  Open  ball  bond  to  aluminum 
metalization  on  transistor  chip. 

S/N's  459,  482  -  Open  vedge  bond  to  thick 
film  conductor  on  substrate. 


TOTAL  QTY.  FAIL  -55°C:  13 

OTY.  NEW  FAIL:  2  (0.68<fT 


228* ,  261*.  264*. 


S/N's:  194*,  217» 

S/N's  339/399  -  Offset  voltage  and  series 
resistance  over  the  maximum  limit. 


TOTAL  <2Tf.  FAIL  +125°C:  9 

qry.  new  fail:  2  (0.68O 


S/N'»:  pin  219* ■  228«.  345* ■  kvr.  417. 
4491  459*.  4^2* 

S/N's  437,  449  -  Offset  voltage  and  series 
resistance  over  the  maximum  limit. 


Per  MIL-STD-883,  Method  1012 
TOTAL  OTY:  20 
OTY.  FAIL:  0 

S/N's:  332,  373  -  Opened  for  internal 
inspection. 


Per  MIL-STD-883,  Method  2009 
TOTAL  QTY:  2^8 
OTY.  FAIL:  0 
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TEST  GROUP  NUMBER:  4 


End  of  Class  "A"  Screening 


TOTAL  PERCENT  FALLOUT  DUE  TO  ALL 
PROCESSING:  l6.C# 

PERCENT  FALLOUT  EXCLUDING  INITIAL 
FAILURES:  ik.lj 


Quality  Conformance  Inspection 
Sample  Size  40 
TOTAL  QTY:  40 


Per  MIL-STD-8g3,  Method  1010,  Cond.  C 
10  Cycles  -65  c  to  +150  C 
TOTAL  QTY:  40 


48  Hours  8  +125  C  per  MIL-STD-883 
Method  1015,  Cond.  A 
TOTAL  QTY:  40 


Data  Log 
TOTAL  QTY:  40 
QTY.  FAIL:  0 


168  Hours  8  +125  C  per  MIL-STD-883 
Method  1015,  Condition  D 
TOTAL  QTY:  40 
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TEST  GROUP  NUMBER:  4 


- V _ 

ELECTRICAL 


- _ 

ACCELERATION 

AXIS 


_ £ _ 

LEAD  BEND 
AND  PULL 


_ * 

FINE  AND  GROSS 
SEAL  TEST 


_ _ 

ELECTRICAL 


y 


Data  Log 
TOTAL  <^TY:  4C 
QTY.  FAIL:  0 


Per  MIL-STD-883,  Method  2001 
40,000  G  Y  Axis 

TOTAL  QTY:  40 


Pull  per  MIL-STD-883,  Method  2004 
Condition  A  (4  Parts) 


^a^8:  ^ 

S/N'b  of  Parts: 

QTY.  FAIL:  0 


Li 


206,  224,  285,  452 


Bend  per  EPT-800  on  4  parts 
Leads:  2,  4,  6,  8,  10 
S/N's  of  Barts:  206  ,  224,  285.  452 
STY.  FAIL:  0  "  "  '  ‘ 


Per  MIL-STD-883,  Method  1014 
Conditions  A  and  Step  2  of  C 
TOTAL  grc.  FINE:  40 
STY.  FAIL:  0 

TOTAL  QTY.  GROSS:  40 
STY.  FAIL:  0 


Data  Log 
TOTAL  QTY:  40 
STY.  FAIL:  0 
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TEST  GROUP  NUMBER:  4 


Decap  4  parts 

Visual  inspection  and  bond  pull 
tests  (20  wires/unit) 

S/N's:  206,  224,  285,  452 

TOTAL  QTY:  4  Q'TY.  FAIL:  1 
S/N's:  285  Wire  pulled  at  2  gras, 
others  pass  2  gm  pull  test. 


Unopened  EPT  samples  to  be  sold  to 
production . 

gnr.  SOLD  TO  PRODUCTION:  36 


QTY.  RELEASED  TO  STOCK:  254 


All 
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APP  ENDIX  IIIE 

DATA  FROM  TEST  GROUP  NO.  5 
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VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
VOTH  RADC  PER  MIL-STD-883,  METHOD  5004 

TEST  GROUP  NUMBER  PART  TYPE  LADDER  SWITCH  AND  DRIVER 

SUPPLIER  B  — 

QUANTITY  499  S/N  1  -  499  RECEIVED  FEB  1970 
DATE  CODE  7002 


CLASS  "C"  SCREENING 


EXTE1 

VIS! 

INSPECT 

SERIAL! 

3NAL 

JAL 

riON  & 
NATION 

> 

ELECTRICAL  TEST 

AT  25°C,  +125°C  & 

-55  C 

> 

t 

HIGH  TEMPERATURE 
STABILIZATION 

\ 

1 

ELECTRICAL 

I 


+Marginal  units  which 
are  not  really  failures 
due  to  tester  accuracy 
and  repeatability,  ie. 
units  off  by  0.0005 
volts  or  less. 

♦Failed  earlier  0 

electrical  test  at  25  C 


Place  serial  numbers  on  all  samples  and  look  for 
visual  rejects  at  same  time. 

QTY  499 
QTY  FAIL  0 


GO  NO-GO  testing  and  data  log  failures 

TOTAL  01 FY  25°C  499  QTY  FAIL  25°C  _2_  (0.4$) 

S/N's  101,  350  fail  offset  voltage  maximum  limit 

TOTAL  QTY  -55°C  499  m  FAIL  -55  °C  0 

TOTAL  QTY  +125°C  422  ^  FAIL  +125°c  5  (l,0$) 
S/N's  99,  116,  300,  431,  466  fail  series  resist- 
ance  maximum  limit 

Per  MIL-STD-883,  Method  1008,  Condition  C,  43  hrs 
minimum  @  +150°C 

QTY  499 

GO  NOKJO  data  log  failures 

TOTAL  QTY  499  TOTAL  QTY  FAIL  l4 
QTY  NEW  FAIL  J_  (l.4%) 

s/N's_99,  101*,  106+ ,  110+,.  111,  175,  20-3+ ,  242+, 

103^3^_i63+,  36^.392,  445 

S/N  99,  11 0+ ,  ll6,  208+  fail  series  resistance 
maximum  limit. 

S/N  101*,  106+,  208+ ,  242+  failed  offset  voltage 
maximum  limit. 

s/n  175,  392  fail  ICCV  electrical  test  maximum 
limit . 

S/N  303,  350,  363+,  369,  445  fail  circuit 
leakage  current  max.  limit. 
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TEST  GROUP  NO..  5 

Per  MIL-STD-883,  Method  1010,  Condition  C, 
10  cycles,  -65°C  to  +150°C. 

Transfer  time  less  than  1  minute. 

QTY  499 


GO  NO-GO  data  log  failures. 

TOTAL  QTY  499  TOTAL  QTY  PATL  1 6 
QTY  NEW  FAIL  4  (0.8l$) 

S/N's  101*,  llo*,  179*,  185,  203,  208*,  230, 
301,  303*,  350*,  ?,6r,  392*,  445*,  106*,  242% 
281+ 

s/n  445  removed  from  testing. 

S/N  18%  238  circuit  leakage  current  over  maximum  limit. 

S/N  203  looked  like  a  collector-base  short  on  Q3  but  clearer 
up  during  confirmation  of  failure  on  manual  tester.  Part 
decapped  after  all  testing  through  Class  "A"  processing,  and 
could  not  find  cause  of  failure. 

S/N  301  switching  time  over  maximum  limit. 

S/N  445  scratched  aluminum  metalization  shorting  collector- 
base  of  transistor  Q3. 


| _ 

TEMPERATURE  ~j 
CYCLING 


L 


— .  v —  . 

ELECTRICAL 


f 


ACCELERATION 
Y±  AXIS 

I 

4/ 

FINE  &  GROSS 

SEAL  TEST 

I 

I 


Per  MIL-STD-883,  Method  2001,  30,000  G 
QTY  498 


Per  MIL-STD-833,  Method  1014,  Condition  A  and 
Condition  C,  Step  2.  GO  NO-GO  fine  leak  rate 
limit  1  x  10-7  ATM  cc,/sec. 

TOTAL  QTY  SEAL  TESTED  498 

QTY  FAIL  FINE  _4_  (0.80$'P's/N's  66  ,  94  .  97. 
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QTY  FAIL  GROSS  40  (8.04$)  S/N's  J/Ll  29.  31.  80. 

88 a  89,  111,  121,  150,  151,  159.  181,  183,  205, 
209.  212.  222,  230.  233.  243.  254.  266,  317, 

i2Ii,  334 ,  343,  367.  370,  377,  39%  395,  397,  _ 

408,  422,  423,  439.  476,  4877  494,  499 


Data  log  all  units. 

TOTAL  QTY  498  TOTAL  QTY  FAIL  18 
QTY  NEW  FAILURES  _2_  (0.45$) 

S/N's  ,116* ,  175* .  185* ,  238* .  264 , 301* .  303* .  350* .  369* ,  392* ,  I 4  32 , 
99* .  101* .  106* .  208* , 242*  .281*,  466* 

S/N's  264  &  432  removed  from  testing. 

'  S/N's  264  8e  432  loose  resistor  chip. 

*Failed  earlier  test  . 


_ V 

ELECTRICAL 


End  of  Class  "C"  screening  procedures  per  MIL-STD-883,  Method 
Total  fallout  62  _  ^  Total  fallout  excluding  55 

499  ’  initial  failures  =  ^92 


5004. 

=  11.1$ 
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TEST  GROUP  NUMBER  5 

BEGINNING  OF  CLASS  "B"  SCREENING  PER  MIL-STD-C83,  METHOD  5004 


BURN-IN 
TA  =  125°C 

168  HRS 


Per  MIL-STD-883,  Method  1015,  Condition  D 
QTY  495 


Data  log  all  units  TOTAL  QTY  495 

- - i _ qty  mi  failures  _i_  (0.23%)  — 

TOTAL  QTY  fail  11 

- electrical — _ S/N's  99*.  101*  ."Tot  .  116*,  175*,  185*,  238*, 

l  301*.  3  50*.  369*.  39?*  “  '  *  *~ 

EOT)  OF  CLASS  "B"  PROCESS-  s/n  107  removed  from  test.  s/N  107  failure 
1HG  caused  by  holes  in  silicon  oxide  u;  j-  • 

aluminum  termination  for  the  nic)'r,  t.  .  castors 
Rl  &  R3  causing  them  to  short  thi  .ugh  the 
silicon  substrate. 

Total  fallout  to  obtain  Class  B  parts  63  =  12  Si 

Totai  fallout  excluding  initial  failures  to  obtain  Class  B  parts  56  _  ,n  M 

S92  11 

BEGINNING  OF  CLASS  "A"  PROCESSING  PER  MIL-STD-883,  METHOD  5004 


Liquid  to  liquid  TOTAL  QTY  494 

Per  MIL-STD-883,  Method  1011,  Cond.  C, 
15  cycles,  -65°C  to  +150°C 


GO  N0-<J0  Data  Log  Fails 

TOTAL  OTY  494  TOTAL  QTY  FAIL  16 

OTY  NEW  FAILURES  _1_  (0.23 i)  ~~ 

S/N's  29,  99*.  101*.  106*,  116*,  I75*.  185*, 
fjg*'  238*,  242^,361*2  303*,  350*,  363*,  369*, 

■3 

S/N  29  fails  circuit  leakage  current  max.  limit. 


Per  MIL-STD-883,  Method  2002,  Cond.  F,  Y,  Axis, 

One  Shock,  20,000  G  Peak  1 

TOTAL  QTY  494 

QTY  DAMAGED  1  (0.20$) 

s/n's  42it 


GO  NO-GO  DATA  LOG  FAILS 
TOTAL  QTY  4^4 

QTY  FAIL  15  QTY  NEW  FAILURES  2  (0.4 6%) 

S/W,s_29»1  99*,  101*.  116*.  175*,”l^5*,  225, 

|38*.  ?59,  301*.  W,  39?*,  494*" 

S/N's  225,  259,  494  removed  from  test. 

S/N's  225,  259  loose  resistor  chip.  Chip  broke 
in  two  with  part  still  attached  to  the  substrate. 
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TEST  GROUP  NUMBER  5 

- i _ 

ACCELERATION 
Y2  AXIS 


Per  MIL-STD-883,  Method  2001,  30,000  G,  Yp  Axis, 
Cond.  E  ' 

TOTAL  QTY  491 


ELECTRICAL  G0  NO_GO  Data  Log  Pails 

-  TOTAL  QTY  491 

TOTAL  QTY  PAIL  1^  QTY  NEW  FAILURES  4  (0.93%) 
S/N 1 s  2%* ,  6l,  99* t  116* ,  175*,  185*,  238*.  267,  27?, 

303*.  350*.  355, jfe  332*  Jj  hJ  1 

S/N's  267,  272  &  355  removed  from  test  for  failure  analysis 
S/n  6l  Loose  gold  ball  bond  to  base  of  Qg* 
s/n  267  Lead  shorting  to  edge  of  transistor  chip. 

S/N  272  Emitter-base  leads  of  Q^_  shorted  together. 

S/N  355  Base  lead  of  Qp  drooping  down  and  shorting  to  thick 
film  pad  on  substrate. 


BURN-IN 
Ta  =  +125°C 
72  HOURS 


Operating  Life  with  Loads  per  MIL-STD-883, 
Method  1015,  Cond.  D. 

TOTAL  QTY  487 


ELECTRICAL 


- .  Data  Log 

& _ I  TOTAL  QTY  487 

TOTAL  QTY  PAIL  13  QTY  NEW  FAILURES  1  (0.23$) 

*'£•  22.  116*.  238^.301*,  303*^ 

S/N  24  removed  from  test. 

S/N  24  cause  of  failure  unresolved. 


REVERSE  BIAS 
BURN-IN 


ELECTRICAL 


72  Hours  @  +150°C  per  MIL-STD-883,  Method  1015, 
Cond.  A 

TOTAL  QTY  1<86 
Data  Log  ®  25°c 


TOTAL  QTY  +25°C  486  TOTAL  QTY  FAIL  37 

.  QTY  NEW  FAILURES  23~(5.4l$) 

S/N's  28,  29*.  47.  6l»,  90.  99*.  110*.  IIP.  116* 


433* 


S/N  119  &  433  removed  from  test. 

oof  J12'  *37,  208  ,  214,  268,  269,  331 

334,  359,  362,  365,  380,  431,  435,  443,  466,  498  series 
...  ,  .  resistance  increased  over  the  maximum  limit. 

S/N  119,  433  device  channeled  and  destroyed  internal  leads  from  high  leak¬ 
age  current.  ^ 

cVS  lal  clrcult  ieakage  current  increased  significantly  over  the  max.  limii 
S/N  383  power  supply  drain  current  increased  over  the  maximum  limit. 


TEST  GROUP  NUMBER  5 


ACCELERATION 


y2  AXIS 


Per  MIL-STD-883,  Method  2001,  40,000  G, 
^2  Axis.  (Note  Yg  Axis  done  in  error) 
TOTAL  QTY  484 


FINE  &  GROSS 
SEAL  TEST 


Per  MIL-STD-883,  Method  1014,  Condition  A  and 
Condition  C,  Step  2 


TOTAL  QTY  FINE  484  TOTAL  QTY  FAIL  15 
QTY  NEW  FAILURES  12  (2.48$)  ~ 


‘>7>'  _ 

TOTAL  QTY  GROSS  484  TOTAL  QTY  FAIL  57 
«TY  NEW  FAILURES  IT  (4.26%)  Z1 

,{?'S  TJ*1  29*%  31*‘  33  ‘  6l>  75‘  8°*~  88*.  89*.  Q7.  08 
111*,  114 f  121*.  150*.  157*.  ISO*  -lft-1*  iAo* 

^Lg*.  223*.  230*.  233*.  243*7254*.  266* /'iA'  aflo 
3E7*.  334*.  343*; 

4o8*»  4?2j^t_Jj^*t_43^» ,'^4437^7^*7 ^4787 


- - - _ 

ELECTOICAL  GO  NO-GO  Data  Ix>g  Failures  at+25°C,  -55°C,  +125°C 


TOTAL  QTY  484  TOTAL  QTY  FAIL  43 
STY  NEW  FAILURES  29  (7.23%) 


g:  g-4£Hv 


Ti.  '.TT"  ""  1  llf  r3  1  g88-  PQ1,  303*. 

..  i 


~?'S3  ®3'  10?>  1Q5>  1^9,  177,  193,  236,  258,  288, 

2X'  P?'  Pi'  p5'  368,  373,  375,  381,  407, 

axis  Which  cl*  due  t0  110,000  8  acceleration  in  Y2 

axis  which  caused  the  internal  leads  to  droop  and  short. 

(These  parts  remained  on  test  and  the  shorts  went  away  during 
40,000  g  acceleration  in  the  Yi  axis.)  8 

iml'to7™3?'  k5’  k9  fallure  “alyzed;  lead  drooped  down  short¬ 
ing  to  conductor  on  subsrate » 

®'?  I;04  ^ead  dfooped  dovm  shorting  to  conductor  on  substrate 
and  remained  shorted  after  40,000  g  acceleration  in  Yi  axis. 
TOTAL  QTY  FAIL  AT  -55°C  20 
QTY  NEW  FAIL  1  (0.27$)  “ 

S/!!f,sJL*i  3°»i  *»?*.  *»9»,  5l».  83*,  99*.  105*.  116*.  232. 

288*,  325*,  350*.  368*: 


(Cont. ) 


t^nnf?2+l00S^8°ld  baU  bond  t0  aluminum  totalization  on 
transistor  chip. 

TOTAL  QTY  FAIL  AT  +125°C  57 
QTY  NEW  FAIL  17  (4.58$)  “ 

^ S&38T 
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TEST  GROUP  NUMBER  5 


_ l_ 

ELECTRICAL 
(CONT. ) 


S/N's  10,  62,  71,  88,  183,  218  221,  240,  268, 
_  «2  367,  385,  389,  39*+,  428,  U99  failed  due 

&L  to  40,000  g  acceleration  in  y2  +1?^°^ 

\  the  internal  leads  to  droop  and  short  at  +12;  C 

i - 1  but  not  at+25°C  or  -55°C-  (These  part s  remained 

on  test  and  the  shorts  went  away  during  40,000 
g  acceleration  in  the  Y]_  axis.)  Q 

s/N  90  series  resistance  over  maximum  limit  at  +12;  C. 

S/N  268  shorts  went  away  after  Yi  axis  acceleration  hut  series 
resistance  remained  over  maximum  limit  at  +125  C. 


ACCELERATION 
Yl  AXIS 


FINE  &  GROSS 
SEAL  TEST 


Per  MIL-STD-883,  Method  2001,  40,000  g,  Y^  Axis 
TOTAL  CJTY  480 

Per  MIL-STD-883,  Method  10l4,  Condition  A  and 
Condition  C ,  Step  2 

TOTAL  QT7  FINE  480  TOTAL  QTY  FAIL  1^. 

QTY  NEW  FAIL  3  .“(0.64£) 

-  — ~?8*.  61,  ioo,  ii4».  178*,  183*, 


205*,  2 


28 


0*.  157*,  1 


qjPY  NEW  FAILURES  AT  -5!TC  0 

TOTAL  QTY  FAIL  AT  +125  C  21  , 

QTY  NEW  FAILS  AT  +125°C  H  (3 *7$) 


,90* .  99*.  110*, 


185*  j 


198 r  214.  268* 
162*.  365*.  37: 


w  »-  M  ~  *  1  ~ - * - 

30*.  4o4* .  4167  431*74. 


.359* 

«*.  1 


X-RAY 


s/N's  25  ,  28,  112,  124,  198  ,  214,  269,  331,  337,  jj6* 

443,  498  series  resistance  slightly  over  max.  limit  ^Margj 

-  Per  MIL-STD-883,  Method  1012 

^  _  TOTAL  QTY  20  QfTY  FAIL  _0_ 


TEST  GROUP  NUMBER  5 


EXTERNAL  VISUAL 
INSPECTION 


END  OP  CLASS  "A"  SCREENING 

, - ± _ 


EPT  SAMPLE 


Per  MIL-STD-883,  Method  2uoy 

TOTAL  QTY  367  QTY  FAIL  _0_ 

Total  jo  Fallout.  Duo  to  All  Processing  26.5$ 
Percent  Fallout  Excluding  Initial  Failures~25.4^ 

Quality  Conformance  Inspection 
Sample  Size  4 5 


TOTAL  QTY  45 

s/»'s^  2271k,  39.  68,  72,  77,  84  86,  96.  11?. 
333 1  J-38.  193,  215,  226,  235,  240 .  245r  2^, 

260,  261,  271,  278,  291,  304.  307.  €5.  Rl4.  RRO. 

-3k2.»..3?6  ,  381.  385  .  386  .  388,  4l4,  415.  42b.  428, 

446  .  448  .  48s.  4gq 


Per  MIL-STD-883,  Method  1010,  Cond.  C, 
10  Cycles  -65°C  to  +150°C 

TOTAL  QTY  _45 


48  hours  @  +125°C  per  MIL-STD-883 
Method  1015,  Cond.  A 


TOTAL  QTY 


Data  Log 

TOTAL  QTY  4^_ 
QTY  FAIL  0 


168  hours  @  -*-125°C  per  MIL-STD-883, 
Method  1015,  Cond.  D 

TOTAL  QTY  _4£ 
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TEST  GROUP  NUMBER  5 

_ l 


ELECTRICAL 


Data  Log 

TOTAL  QTY  45 
QTY  FAIL  0 


ACCELERATION  Y^  AXIS 


Per  MIL-STD-883,  Method  2001, 
40,000  G,  Y1  Axis 

TOTAL  QTY  45 


LEAD  BEND 
AND  FULL 


Pull  per  MIL-STD-883,  Method  2004 
Cond.  A  (5  parts) 

I«ads  1,  3,  5,  7  9  pulled 


QTY  FAIL  0 

Bend  per  EPT-800  on  5  parts 
I*ads  2,  4,  6,  8,  10  bent 

S/N’s  of  parts  ^4,  165.  381. 
QTY  FAIL  0 


FINE  A  OROSS 
SEAL  TEST 


Per  MIL-Si'D-883,  Method  1014, 

Conditions  A  and  Step  2  of  C 

TOTAL  QTY  pine  45  QTY  FAIL  0 

TOTAL  QTY  GROSS  4s  QTY  PAIL  2 

S/N's  381,  48S  ~ 

S/N's  381,  485  were  used  for  lead  bend  &  null 
testing.  - 


appendix  iiif 

DATA  FROM  TEST  GROUP  NO.  6 
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VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
WITH  RADC  PER  MIL-STD-883,  METHOD  5004 


TEST  GROUP  NUMBER:  6 
SUPPLIER :  C 
QUANTITY: 

RECEIVED:  JULY  1970 


PART  TYPE:  LADDER  SWITCH  &  DRIVER 
S/N's:  ~i  thru  542 

DATE  CODE:  "7028,  260" 


Class  "C"  Screening 


t _ 

EXTERNAL  VISUAL 
INSPECTION  & 
SERIALIZATION 

_ _ S 

l _ 

. 

ELECTRICAL  TEST 

AT  25  C.  +125°C 

AND  -55  C 

> 

f 

Place  serial  numbers  on  all  samples 
and  look  for  visual  rejects  at  same 
time . 

QIY :  £42 


GO  NO-GO  testing  and  data  log  failures. 

TOTAL  QTY.  25  C:  542 

QTY.  FAIL  25  C:  (6.08$) 


,  -r  —  r  —  r 

Above  units  fail  the  series  resistance 
maximum  limit. 


TOTAL  QTY.  -55°q.  34 g 

TOTAL  qx Y.  FAIL  -55^57  86 
QTY.  NEW  FAIL:  65  (12-75 JT 


S/N's:  8j_lgi_g4J_4y1_461  51*.  54*, 

gZgZ Ml  Ml  &  ,  77ZHZ 

°|T96»,  101,  115,  117,  123 


lg3,  13$,  137*.  139* 


165;.  174,  177,  18 
190*,  195* .  197 . 

2,20,  220,  222,  227.  230.  271. 
g~33*,  237*,  242,  252 ,  2^0* , 

( Cont inued  next  page) 
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TEST  GROUP  NUMBER:  6 


2L 


HIGH  TEMPERATURE 
STABILIZATION 

> 

/  . 

ELECT 

r  1 
RICAL 

- - X 

c _ 

s/n's  (Continued):  270,  287,  290, 

291,  300,  302,  309,  313 ,  325, 
393,  39o,  413*,  422,  433*, 

4-47,  4-64,  474,  475,  486,  (90*, 
4957  909,  510*.  514,  921,  929, 
9277  531,  532,  534,  535*,  HE 

All  the  above  failures,  except  s/n  396, 


fail  the  series  resistance  maximum  limit. 
s/N's:  73,  115,  3  23,  143,  174,  177.  Ifl3. 
396,  47a  also  fail  to  meet  the' 
maximum  limit  for  offset  voltage. 


TOTAL  QJTY.  +125°C  :  542 

QTY.  FAIL  +125  C:  0 

INITIAL  FALLOUT  REMOVED  FROM  TEST: 


5§‘  ilil 


Per  MIL-STD-883,  Met hog  1008,  Cond.  C 
46  Mrs.  minimum  @  +  150  C. 

CfTY :  444 


GO  NO-GO  data  log  failures.  Test  in 
Dept.  32-33  with  RADC  programs. 

TOTAL  QTY :  443 

QTY.  FAIL:  2 

S/N's:  331,  354  -  Marginal  series 
resistance . 


Per  MIL-STD-883,  Method  1010,  Cond.  C 
10  Cycles,  -65°C  to  +lso°c 
Transfer  time  less  than  1  minute. 

QTY:  44S 


TEMPERATURE 

CYCLING 


TEST  GROUP  MUMPER:  6 


ELECTRICAL 


“T 


GO  NO-GO  data  log  failures. 
TOTAL  QTY :  443 
QTY.  FAIL:  0 


ACCELERATION 

Yx  AXIS 

's, 

I  fine  and  gross 

r*  ■  i  A  t  r^»vv 71 

/ 

1 

ELECT 

RICAL 

1 


Per  MIL-GTD-383,  Method  2001,  30,000G 
QTY:  443 


Per  MIL-STD-O83,  Method  10l4,  Cond.  A 
And  Condition  C,  Step  2.  GO  MO-GO 
fine  leak  rate  limit  1  x  10"^  ATM 
cc/sec . 

Total  Q'ty.  Fine  Seal  Tested:  44-3 
Total  qty.  Gross  Seal  Tested:  443 
Qty .  Fail  Fine:  1  (0.23#)  s/N  315 
Qty.  Fail  Gross :~3  (0.677%) 

S/N's:  112,  203,~289 

S/N  112  -  Had  many  fine  bubbles. 


Data  log  all  units. 

TOTAL  QTY:  443 

QTY.  FAIL:  ~T  (p.gofl) 

S/N's:  92,  159,  184,  513 

S/lJ's:  9 '2,  159 >  184,  513  ~  removed 
from  test . 

S/N's:  94,  159  -  Transistor  chip 
loose  from  substrate. 

S/N's:  184,  513  -  Resistor  chip  loose 
from  -  substrate . 


End  of  Class  "C"  Screening  Procedures  per  MIL-STD-883,  Method  5004. 


TOTAL  FALLOUT 
PARTS:  10Q; 

5%2' 


FOR  CLASS 


C 


TOTAL  FALLOUT 
FAILURES:  10 


EXCLUDING 

=  2.2  6<fo 


INITIAL 
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TEST  GROUP  NUMBER:  6 


Beginning  of  Class  "B"  Screening  per  MIL-STD-883,  Method  5004 


BURI* 

ta  = 
166 

[-IN 

0 

+125  C 

Hrs . 

_ s 

/ _ 

ELECTRICAL 

l 


End  of  Class  "B"  Processing 


Per  MIL-STD-883,  Method  1015,  Cond.  D. 
Data  log  all  units. 

TOTAL  QTY:  439 
3TY.  FAIL:  0 


TOTAL  FALLOUT  FOR  CLASS  B  PARTS: 


TOTAL  FALLOUT  EXCLUDING  INITIAL 
FAILURES: 


10  = 

4W 


2.26^ 


Beginning  of  Class  "A"  Processing  per  MIL-STD-883,  Method  5004 


Liquid  to  Liquid 
TOTAL  QTY:  439 


Per  MIL-STD-88^,  Method  1011,  Cond.  C 
15  Cycles,  -65  C  to  *150°C 


_ ^ _ 

THERMAL 

SHOCK 
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ST  GROUP  HUMBER :  6 


GO  MO-GO  Data  Log  Fails 

total  qry :  439 

QTY.  HEW  FAIL:  2  (0.4 

s/n's:  136.  kkii 

S/lI  443  removed,  from  test. 

S/N  443  bailed  due  to  a  loose  resistor 
chip. 


Per  MIL-STD-883,  Method  2002,  Cond  F 
Axis,  One  Shock,  20,000  G  Peak 

TOTAL  QTY:  433 
QTY.  DAMAGED-  0 


GO  NO-GO  Data  Log  Fails 
TOTAL  QTY:  4^8 
QTY.  HEW  FAIL:  9  (2.lfl) 
s/N's:  11,  57,  T6,  90,  166,  218,  328, 
337,  403 

s/N's:  11,  57,  76,  90,  1 66,  218  - 

Removed  from  test. 

S/N  11  -  Open  gold  ball  bond  to  aluminum 
metalization  on  resistor  chip  and  open 
wedge  bond  to  aluminum  metalization  on 
transistor. 

S/N's:  37,  76  -  Open  gold  ball  bond  to 
aluminum  metalization  on  transistor- 
emitter. 

s/fl  90  -  Loose  transistor  chip. 

S/lI  l66-  Loose  transistor  chip. 

S/N  213-  Open  gold  ball  bond  to  thick- 
film  gold  on  substrate.  (Lead  was  not 
bonded  to  scrubbed  area  near  chip.) 

S/n's:  328,  337,  403  -  Series  resistance 
drifted  over  maximum  limit.  s/N  328  also 
had  circuit  leakage  drift  over  maximum 
limit . 


TEST  GROUP  NUMBER:  6 


Failures  due  to  Y2  axis  acceleration  at  30,000  G: 


S/N's: 


S/N's: 


S/N's: 


s/n 


I  Q  • 


S/N's: 
S/n 1 s : 

S/N's: 

s/n  506 

S/N  5  - 


18,  28,  kj,  69,  71,  89,  lOQ,  104,  161,  198.  206.  ?06_ 

371.  371?]  392.  420.  ln(.  44Q  7po  rwyf.I)  L 
Part  destroyed  due  to  overstress  caused  by  automatic 

microcircuit  tester  malfunction. 

iOT,  282,  366,  lg4.  458,  ^02,  533  (8  parts).  Emitter - 
se.  leads  of  transistor  Q  shorted  and  remained  shorted 
after  acceleration  at  40,000  G  in  Y  axis. 

rr  26l5,  28u^361*  3 jj2*  1173  ^  Parts).  Internal 

1  e  drooped  dovm  and  toucning  conductor  on  substrate 
and  edge  of  chip.  Parts  remained  shorted  after  4o  OOOG 
acceleration  in  Y^  axis.  ’ 

iLu  1  "  Leads  shorting  to  edge  of  chip. 

2h%.  "  Internal  wire  drooped  down  and  touching  con¬ 
ductor  on  substrate.  Parts  remained  shorted  after  40  OOOG 
acceleration  in  the  Y  axis. 

‘  palled  due  to  leads  drooping  down  and  shorting. 
Alter  Yx  axis  acceleration  a  wedge  bond  also  became  loose. 

-  Leads  drooped  down  and  shorting,  but  leads  to  Q  not’ 
sr.orted.  After  Yj  axis  acceleration  emitter-base3leads 
to  shorted. 

Leads  shorting  to  edge  of  chip  and  to  conductor  on  sub¬ 
strate  . 


S,N  328  -  Transistor  chip  cracked. 

S/N  530  -  Loose  internal  gold  wire  wedge  bond  to  aluminum  reali¬ 
zation  on  resistor  chip. 

S'N  442  -  Offset  voltage  drifted  over  maximum  limit. 
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TEST  GROUP  NUMBER: 


6 


_ 

ACCELERATION 

Y1  AXIS 

> 

L _ 

ELECTRICAL 

t 

S/n  3^6  -  Leads  drooped  down  and 
shorted  which  cleared  up  after  Y  axis 
acceleration  at  40,000G  but  offset 
voltage  remained  over  maximum  drawing 
limit . 


Per  MIL-STD-883,  Method  2001 
40,000G  Y  Axis,  Cond.  E 
TOTAL  QTYT  429 


GO  NO/GO  Data  Log  Fails 
TOTAL  QTY :  429 

TOTAL  QTY.  FAIL:  51 
qfTY.  HEW  FAILURES:  7  fl.63^) 


S/N'o: 


l4* 


113* 


i. 


-r20*, 


18*,  29*,  28*  RP*.  4? ,  47*,  ss, 
71*,  89*,  100* ,  104*,  107*, 

127,  161*,  196*,  206*,  24s*. 
'280,  262*,  306*,  321*,  32o*. 
353*,  381*,  362*,  366*,~~373*, 
360*,  386*,  392*.  401,  4l4*' 
430*,  434*,  440*,  445! 

~473*»  502*,  506*,  530*,~533* 


S/N  386  -  Left  on  test  -  other  failures 
removed  from  test. 

S/N’s:  42,  55,  280,  506  -  Emitter-base 
leads  of  transistor  shorted  due  to  Y 
axis  acceleration  moving  leads  after  Yp1 
axis  acceleration. 

S/n's:  3Q0,  445  -  Loose  gold  wire  wedge 
bond  to  aluminum  metalization  on  resistor 
chip. 

s/N's:  113,  127  -  Open  wedge  bond  at  neck 
down  of  gold  wire. 

S/N  339  -  Open  gold  ball  bond  to  gold 
conductor  on  substrate. 

S/N  401-  Open  gold  ball  bond  to  aluminum 
metalization  on  emitter  of  0  . 


TEST  GROUP  NUMBER:  6 


Per  MIL -STD-88 3,  Method  10l4 
Condition  A  and  C,  Step  2 
TOTAL  Q'TY.  FINE:  369 
TOTAL  Q'TY.  FAIL:  b 


QTY.  NEW  FAILURES: 


TOTAL  QTY.  GROSS: 
TOTAL  QTY.  FAIL: 
QTY.  NEW  FAILURES: 


S/N's: 


6,  249,  27 

505 


452 


GO  gO-GO  Data  Log  Failures  At  25°g 

-55  c,  +125°C. 


TOTAL  QTY:  369  f 

TOTAL  QTY.  NEW  FAIL  at  +25  g; 


S/N's:  10,  63,  312,  3Ql  -  Open  gold 
wire  wedge  bond  going  to  aluminum 
metalization  on  resistor  chip. 

S/M J2_  -  Two  open  gold  wire  wedge  bonds 
going  to  aluminum  totalization  on  resistor 
chip.  Also,  lead  from  pin  6  touching  edge 
of  resistor  chip. 

S/N's:  84.  182.  508  -  Open  gold  wire  wedge 
bond  going  to  aluminum  totalization  of  trans¬ 
istor  Qg  emitter. 


TOTAL  QTY.  FAIL  AT  -55  C  :13 
QTY.  NEW  FAILS:  3  (0.8l4f“ 


S/N's: 

S/N's: 

measures  over  maximum  limit  at  -55^C 

TOTAL  QTY.  FAIL  AT  +125°C:  IQ 
QTY.  NEW  FAILS:  10 


10* » 

11*2 

45.  137. 


-  Series  resistance 
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TEST  GROUP  NUMBER:  6 


Operating  Life  with  Loads  per 
MIL-STD-883,  Method  1015,  Ccnd.  D. 
TOTAL  QTY:  379 


GO  NO-GO  Data  Log  Fails 
TOTAL  QT Y:  6 

QJTY.  FAIL:  0 


72  Hrs.  §  +150  c  per  MIL-STD-883, 
Method  1015,  Condition  A 
TOTAL  t?TY:  370 


GO  NO-GO  Data  Log  Fails  @  25  C 


TOTAL  qiY:  +25  C:  370 

QTT.  NEW  FAIL:  1  (0.27 1>) 

S/N  463  -  Transistor  or  channeled 


Per  MIL-0TD-883,  Method  2001 
40,000G,  Yx  Axis 
TOTAL 


TEST  GROUP  NUMBER:  6 


L 

X 

-RAY 

_ N 

L 

EXTERNAL 

VISUAL 

INSPECTION 

S/N's: 


10*,  63*,  12* ,  8U*t  182*, 
312* »  381*,  403*,  503* 


Per  MIL-STD-883,  Method  1012 
TOTAL  QTY :  20 

QT/.  FAIL:  0 


Per  MIL-STD-883,  Method  2009 
TOTAL  QTY :  QO 
QTY.  FAIL:  0 


End  of  Class  "A"  Screening 

TOTAL  FALLOUT  TO  OBTAIN  CLASS  "A" 
PARTS: 


TOTAL  FALLOUT  EXCLUDING  INITIAL 
ELECTRICAL  TO  OBTAIN  CLASS  "A"  PARTS: 


OT  =  20-5# 


Quality  Conformance  Inspection 
Sample  Size  4 5, 


EPT  SAMPLE 


TOTAL  QTY: 


TEST  GROUP  NUMBER:  6 


Per  MIL-STD-883,  Method  1010,  Cond  C. 
10  Cycles  -65°C  to  +150°C 
TOTAL  C£TY :  45 


.  _  0 

48  Hours  ®  +125  C  per  MIL-STD-883 
Method  1015,  Condition  A 
TOTAL  <3TY :  4jj 


Data  Log  Failures 
TOTAL  Q'TY:  4jj 
OTY.  FAIL:  0 


o 

168  Hours  @  +125  C  per  MIL-STD-883, 
Method  1015,  Condition  D 
TOTAL  Q'TY:  4^ 


GO  NO-GO  Data  Log  Failures 
TOTAL  qTY:  45 
QTY.  FAIL:  0 


Per  MIL-STD-883,  Method  2001 
4o,OOOG,  Y  Axis 

TOTAL  QTY:  4^ 


!5 


LEAD  BEND 
AND  P-JLL 


Pull  per  MIL -STD -80 3,  Method  2004 
Condition  A  (5  parts) 

Pin  Numbers:  1,  3.  5.  7.  Q 


S/N's:  13,  164,  167,  207,  384 
QTY.  FAIL:  0  - 

Bend  per  EPT-800  on  5  parts 
Pin  Numbers :  2,  4,  6,  8,  10 

S/N's:  13,  164,  167,  207,  384 
QfTY .  FAIL: 0  - 


Per  MIL-STD-883,  Method  1014 
Conditions  A  and  Step  2  of  C 
TOTAL  QTY.  FINE:  45 
QTY.  FAIL:  0 

TOTAL  QTY.  GROSS:  4^ 

QTY*  FAIL:  0 


Data  Log 

TOTAL  QTY:  45 

QTY.  FAIL:  1  (2.22*) 

S/N:  27 

s/n  27  -  Open  gold  wire  vredge  bond  going 
to  gold  thick-film  conductor  on  substrate. 


Decap  six  (6)  parts 

Visual  inspection  and  bond  pull  tests 

(12  wires  pulled  per  S/n) 

S/N's:  13,  27.  164.  167.  207 


TOTAL  QTY: 
S/N’s:  13 


QTY.  FAIL: 


S/N's:  13,  27,  167 

s/n  13  -  Ball  bond  pulled  at  1.0  gramj 
one  wedge  bond  pulled  at  O.J  gram,  another 
pulled  off  at  1.2  grams. 

S/n  27  -  One  wedge  bond  pulled  off  at  0.7 
gram;  another  pulled  off  at  1.7  grams. 

S/N  167-  One  wedge  bond  pulled  off  at  1.6 


TEST  GROUP  NUMBER:  6 


* 


DISPOS 
OF  L 

ITION 

OT 

_ \ 

L _ 

TO  STOCK 

Unopened  EPT  camples  to  be  sold  to 
production. 

QETY.  SOLD  TO  PRODUCTION:  38 


<?TY.  RELEASED  TO  STOCK:  333 
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APPENDIX  1I1G 

data  from  test  group  no.  7 
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VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
\/ITH  RADC  PER  MIL-STD-803 »  METHOD  ‘>004 


TEST  GROUP  NUMBER:  7 
SUPPLIER:  £ 
QUANTITY :  §9 
RECEIVED:  SEPT  1970 


PART  TYPE:  LADDER  SWITCH  &  DRIVER 
SERIAL  NO's:  5Jl3  through  !Sjl 
DATE  CODES :  703?,  703~ 


Class  "C"  Screening 


Place  serial  numbers  on  all  samples  and 
look  for  visual  rejects  at  same  time. 
QTY :  89 


GO  NO-GO  testing  and  data  log  failures. 
TOTAL  QTY.  2£  C:  §9 
QTY.  FAIL  25  C:  0 

TOTAL  QTY.  -55° C:  $9 

QTY.  FAIL  -55  C:  2  (2.2 %) 

S/N's:  575,  6l4 

s/n's:  "575,  6l*~  -  Fail  gaximum  limit  for 
series  reoistange  at  -55  C. 

TOTAL  QTY.  +12jj  C:  89 
C?TY.  FAIL  +125  C:  0 


Per  MIL-STD-383,  Method  1000,  Cond.  C 
43  hours  minimum  Q  +150  C 
QfTY:  89 


GO  NO-GO  data  log  failures 
TOTAL  gr Y :  §2 

CJTY.  FAIL:  0 
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TEST  GROUP  NUMBER :  7 


Per  MIL-STD-883,  Method  1010,  Cond.  C 
10  Cycles,  -65  g  to  +150°C 

Transfer  time  less  than  1  minute. 

Q'TY:  8  9 


GO  NO-GO  data  log  failures 

TOTAL  QTY :  89 

QTY.  FAIL:  1  (1,12$) 

S/N 1 s :  6lk  -  Removed  from  test. 

S/N  6l4  loose  gold  ball  bond  to 
aluminum  metalization  on  transistor. 


Per  MIL-STD-883,  Method  2001;  30,000G 
QTY:  88 


Per  MIL-STD-883,  Method  10l4,  Conditions 
A  and  C,  Step  2.  GO  NO-GO  fine  leak 
rate  limit  1  x  10"?  ATM  cc/sec. 

TOTAL  QTY:  88  (Seal  Tested) 

QTY.  FAIL  FINE:  6  (6.82$) 

S/N’s:  rM,  555,  567,  369.  579.  601 

QTY.  FAIL  GROSS:  2  (2.27 4) 

S/N’s:  gU,  567  - 


Data  log  all  failed  units. 
TOTAL  QTY :  88 

QTY.  FAIL:  0 


End  of  Class  "C"  screening  procedures  per  MIL-STD-883,  Method  5004. 
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TESr  GROUP  NUMBER:  J 


TOTAL  CLASS  "C"  SCREENING  FALLOUT: 


8 


39  = 


CLASS  "C"  FALLOUT  EXCLUDING  INITIAL 
ELECTRICAL  FAILURES: 


7.87$ 


Beginning  of  Class  "B" 


Screening  per  MIL -STD -88 3,  Method  5004 


Per  MIL-STD-O83,  Method  1015, 
CTY:  88 


Data  log  all  failed  units. 
TOTAL  QTY :  08 

QTY.  FAIL:  0 


Cond.  D 


End  of  Class  "B"  Processing 


TOTAL  FALLOUT  TO  GET  CLASS  "B"  PARTS: 

si  ■  22 

FALLOUT  TO  GET  CLASS  "B"  PARTS  EXCLUDING 
INITIAL  ELECTRICAL  FAILURES: 


TEST  GROUP  NUMBER: 


7 


Beginning  of  Class  "A" 


Processing  per  MIL-STD-883,  Method  500U 


Liquid  to  liquid 
TOTAL  QfTY :  38 

Per  MIL -STD Method  J011,  Cond  C 
15  Cycles,  -65c  to  +  150  C 


GO  NO-GO  Data  Log  Fails 

TOTAL  OTY :  38 

QfPY.  NEW  FAIL:  1  (l.l4fl) 

S/N  572  -  Series  resistance  drifted 
over  maximum  limit. 


Per  MIL-STD-883,  Method  2001 
40,000  G,  Y  Axis 
TOTAL  Q'TY :  08 


GO  NO-GO  Data  Log  Fails 

TOTAL  Q'TY :  08 

QTY.  NEW  FAIL:  6  (6.82#) 

s/n’s:  551.  $66,  572.  587,  595,  602 

S/N  551,  595  -  Loose  gold  ball  bond  to 
aluminum  metalization  on  emitter  of 
transistor. 

s/N’s  $66,  572  -  Loose  gold  wedge  bond 
to  aluminum  metalization  on  emitter  of 
transistor 

S/N’s  587,  602  -  Loose  transistor  (^)  chip. 
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TEST  GROUP  HUMBER:  7 


Per  MIL-STD-883,  Method  2002,  Cond  F 
Y.  Axis,  Cne  Shock;  20,0000  Peak 
TOTAL  QTY :  82 

QTY.  DAMAGED:  0 


GO  NO-GO  Data  Log  Fails 

TOTAL  QTY:  82 

QTY.  HEW  FAIL:  2  (2.44^ 

S/N's:  568,  386 

s/n's  588,  586  -  Gold  wire  wedge  bond 
to  aluminum  metalization  of  emitter  on 
Qg  open. 


Operating  life  with  loads  per 
MIL-STD-883,  Method,  1015,  Cond.  D 
TOTAL  QTY:  79 


GO  NO-GO  Data  Log  Failures 

TOTAL  QTY:  79 

QTY.  NEW  FAIL:  1  (l.22^) 

S/N  588  -  (Removed  from  test) 

s/n  588  -  Silicon  particle  shorting  base 
metalization  to  collector  metalization 
on  transistor  Q  . 


72  Hours  @  +150°C  per  MIL-STD-883, 
Method  1015,  Cond.  A 
TOTAL  QTY:  78 


GO  NO-GO  o 

TOTAL  QTY.  +25  C:  jB 
QTY.  FAIL:  0 
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TEST  GROUP  NUMBER:  7 


Per  MIL-STD-883,  Method  2001 
40,000G;  Y  Axis 

TOTAL  QTY:  j8 


Per  MIL-STD-883,  Method  1014 
Conditions  A  and  C,  Step  2 
TOTAL  QTY.  FINE:  j8 
TOTAL  giY.  FAIL:  2 
TOTAL  NEW  FAIL:  0 

S/N's:  544*,  567*  ~ 

TOTAL  Q'TY.  GROSS:  78 

Q'TY.  NEW  FAIL:  1  (1.28*) 

s/n  598  — - 


Data  Log  EMlures 

TOTAL  QTY.  +25°C:  78 

QT1’.  NEW  FAIL:  T(5.13&) 

S/N's:  365,  573.  564.  600 


S/N's:  565,  584  -  Open  gold  wire  wedge 
bond  to  aluminum  metalization  on 
resistor  chip. 

s/N's:  573,  584,  600  -  Open  gold  wire 
wedge  bond  to  aluroinim  metalization  at 
the  emitter  of 

TOTAL  QTY-  -55°C:  78 

QTY.  FAIL:  8 

QTY.  NEW  FAIL:  3  (3.85*) 

S/N's:  jjjgi  2L  2a, 

5d4»,  $92,  gpO* 


S/N  577  -  Offset 
maximum  limit  at 
S/N's  583,  592  - 
over  the  maximum 


voltage  drifted  over  the 
-55  C. 

Series  resistance  drifted 
limit  at  -55  C. 
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TEST  GROUP  NUMBER:  7 


S/N's:  575,  62 8  -  Series  resistance  0 
drifted  over  the  maximum  limit  at  +125  C. 


Per  MIL-STD-883,  Method  1012 
TOTAL  QTY:  20 
qr TY.  FAIL:  0 


Per  MIL-STD-883,  Method  2009 
TOTAL  OT Y:  63 
QTY.  FAIL:  0 


End  of  Class  "A"  Screening 

PERCENT  FALLOUT  TO  OBTAIN  CLASS  "A" 
PARTS: 

§5  *  2° +£. 

PERCENT  FALLOUT  EXCLUDING  INITIAL 
FAILURES: 
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TEST  GROUP  NUMBER 


EFT  SAMPLE 


TO,  571 


3,  59 


21,  625,  631 


Per  MIL-STD-883,  Method  1010,  Cond.  C 
10  Cycles  -65°C  to  +150°c 
TOTAL  QTY:  ^4 


48  Hours  §  +125  C  per  MIL-STD-883 
Method  1015,  Condition  A 
TOTAL  Q'TY :  ^4 


Data  Log 
TOTAL  <3TY:  ^4 

QTY.  FAIL:  0 


168  Hours  9  +125°C  per  MIL-STD-303 
Method  1015,  Condition  D 
TOTAL  QTT:  ^4 


Data  Log  Failures 
TOTAL  QTT:  ^4 
QTY.  FAIL:  0 


TEST  GROUP  NUMBER:  7 


Decap  5  parts 

Visual  inspection  and  bond  pull 
tests  (12  wires  per  part  pulled) 

S/N's:  581,  605,  606,  620,  6^1 

TOTAL  Q'TY:  J>  QTY.  FAIL:  5 
S/N’s:  5Q1,  605.  606,  620,  631 

S/N  581  -  Three  gold  wire  wedge 
bonds  to  aluminum  metalization  on 
resistor  chip  broke  at  0.6,  1.0 
and  1.1  gms,  respectively. 

S/N  605  -  Gold  wire  wedge  bond  to 
aluminum  metalization  at  emitter  of 
broke  with  no  force.  Gold  wire 

ball  bond  to  aluminum  metalization  at 
emitter  of  pulled  off  at  1.7  gms. 

S/N  606  -  Gold  wire  wedge  bond  to 
aluminum  metalization  at  emitter  of 
Qg  open.  Gold  wire  wedge  bond  to 
aluminum  metalization  on  resistor  chip 
broke  at  1.7  gram.  Gold  wire  ball 
bond  to  emitter  of  Q.  pulled  off  at  0.8 
gram. 

S/n  620  -  Gold  wire  ball  bond  to  base 
of  ^  pulled  off  at  0.9  gram.  Gold 
wire  wedge  bond  to  emitter  of  o  broke 
at  1.4  grams.  ' 

S/N  631  -  Gold  wire  ball  bond  pulled 
from  emitter  of  0  at  0.7  gram. 


Unopened  EPT  samples  to  be  sold  to 
production. 


(JTY.  RELEASED  TO  STOCK:  ^3 
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APPENDIX  IIIH 


DATA  FROM  TEST  GROUP  NO.  8 
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VERIFICATION  PHASE  TESTING 
FOR  HYBRID  CIRCUITS  CONTRACT 
WITH  RADC  PER  MIL-STD-8O3,  METHOD  5004 


TEST  GROUP  NUMBER:  8 
SUPPLIER :  I 

QUANTITY :  §7 


PART  rPYPE:  LADDER  SWITCH  &  DRIVER 
SERIAL  NOS :  .1  through  5^2~ 


These  Darts  were  originally  in  Group  No.  6  but  were  removed 
1 - -  after  the  initial  electrical  tests,  because  they  were  mar¬ 

ginally  out-of-limit  for  an  electrical  parameter.  Later  they 
wore  put  on  test  as  test  group  number  8. 


Class  "C"  Screening 


EXTERNAL  VISUAL 
INSPECTION  AND 
SERIALIZATION 


1 - 

_ 1 

1 

l _ 

ELECTRIC 
AT  25% 
AND  -55 

:al  TEST 
s  +125  C 
c 

1 

Place  serial  numbers  on  all  samples 
and  look  for  visual  rejects  at  same 


time. 

QTY:  87 


GO  NO-GO  testing  and  data  log  failures. 

TOTAL  QTY.  2£°C:  §7 

QTY.  FAIL  25  C:  23  (26 Mjo) 


S/N's:  ja,  51.  5<t.  93-  «9.  185,  188,. 
1907 2^.  237  ,  2b0.  329.  33». 

1*51.  **55.  49Q.1E: 

TOTAL  QTY.  -55°C:  87 

TOTAL  CJFY.  FAIL  -55°C:  77  (88.^) 

s/n's:  S,  15.  2t,  ja  46-  at  ait  ?3- 

rors?:  tt.  b5,  iqi,  ib,  m, 
I2il.  no.  133,  135, SgZgZI 
152,  153,  MLMZZ 
A;  i7T.  iB:i.  i«b*T 
T58*.  190*.  197.  220,  222,  227 
2307  231,  233*,  234,  237*,  242 
2S27W.  270,  287,  290,  291,  300; 

702. 309.  313, 323,  mZMZZ 

Continued  next  page) 
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TEST  GROUP  NUMBER :  8 


—  M/ 

HIGH  TEMPERATURE 
STABILIZATION 


_ 

ELECTRICAL 


_ V 

TEMPERATURE 

CYCLING 


S/N's: 


(Cont inued) 

^3*,  422  433*,  447,  464. 
±74,  475,  4U6,  490*.  495.  509 
521,  523,  527/531,  5327 
534,  535* - 


TOTAL  QTY.  +125°C:  87 
QTY.  FAIL  +125C:  ~0 


Per  MIL-STD-883,  Method  1008,  Cond.  C 
48  Hrs.  minimum  <§  +150°c. 

QTY:  87 


GO  NO-GO  data  log  failures. 
TOTAL  QTY:  87 
TOTAL  QTY.  FAIL:  l4 
QTY.  NEW  FAIL:  1  (1.15#) 


S/N  8  -  Series  resistance  drifted  over 
maximum  limit. 


Per  MIL-STD-883,  Method  1010,  Cond.  C 
10  Cycles,  -65  g  to  +150  C 
Transfer  time  less  than  one  minute. 
QTY:  87 


♦Indicates  part  failed  earlier  test 


TEST  GROUP  NUMBER: 


3 


I 


GO  NO-GO  data  log  failures 
TOTAL  QfTY :  §7 

TOTAL  QTY.  FAIL:  1? 
qrTY.  NEW  FAIL:  0 

S/N's:  e»,  51*,  93* j  139*,  l8y>, 

SB*.  237*.  260* ,  329*.  33B*. 

pszeei  mi  usmiL 

BS  535* 


Per  MIL-STD-883,  Method  2001;  30,000  G 
•qjTY:  §£ 


Per  MIL-STD-883,  Method  101U,  Cond.  A 
and  Condition  C,  Step  2.  GO  NO-GO 
fine  leak  rate  limit  1  x  10"  <  ATM  cc/sec. 

TOTAL  QJTY.  SEAL  TESTED:  8j 

qTY.  FAIL  FINE:  _  1  (1.15#) 

S/N:  507  (U.T  x  10“ 1  atm  cc/sec) 

STY*  FAIL  GROSS:  0 


DQta  log  all  failed  units. 
TOTAL  %Tf:  87 
TOTAL  Q'TY.  FAIL:  1£ 

QfTY.  NEW  FAILURES:  0 


S/N's:  S»,  31*.  93* .  139* .  lS5»,  233*, 
2So*,  343*i  363*,  433*.  430*, 

sis  4;*,  ms  mr 


End  of  Class  "C"  Screening  Procedures  per  MIL-STD-883,  Method  500^ 

TOTAL  FALLOUT  INCLUDING  INITIAL:  IOC# 

TOTAL  FALLOUT  EXCLUDING  INITIAL 
FAILURES:  2/87  =  2.3# 
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TEST  GROUP  NUMBER:  8 


Beginning  of  Class  "B"  Screening  per  MIL-STD-883,  Method  5004 


Per  MIL-STD-883,  Method  1015,  Cond  D 
QTY:  57 


Data  log  all  failed  units. 
TOTAL  QfTY:  87 
QP7 Y.  FAIL:  0 


End  of  Class  "B"  Processing 

PERCENT  FALLOUT  TO  GET  CLASS  "B" 
PARTS: 

57  =  ±9& 

percent  fallout  excluding  initial 

FAILURES  TO  GET  CLASS  "B"  PARTS: 

sf  "  hi i 


Beginning  of  Class  "A”  Processing  per  MIL-STD-883,  Method  500^ 


Liquid  to  Liquid 
TOTAL  QCTI:  87 

Per  MIL-STD-883,  Method  JOll,  Cond  C 
15  Cycles,  -65  c  to  +150  C 
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TEST  GROUP  NUMBER:  0 


GO  NO-GO  Data  Log  Fails 
TOTAL  QTY :  87 

TOTAL  QTY.  FAIL:  1 

QTY.  NEW  FAILURES:  0 

S/N:  490* 


Per  MIL-STD-883,  Method  2001 
40,000  G;  Y  Axis 

TOTAL  S*FY:  87 


GO  NO-GO  Data  Log  Fails 
TOTAL  qfTY:  Oj 

QTY.  NEW  FAIL:  1  (1.15 %) 

S/N:  4^ 


S/N  435  -  Open  gold  wire  ball  bond  to 
aluminum  metalization  of  transistor 
emitter . 


Per  MIL-STD-883,  Method  2002,  Cond  F 
Axis,  One  Shock;  20,000  G  Peak 

TOTAL  QTY :  §7 

QTY.  DAMAGED:  0 


GO  NO-GO  Data  Log  Fails 
TOTAL  QTY:  87 

QTY.  NEW  FAIL:  1  (1.15^) 

S/N:  514 

s/n  51^  -  Gold  wire  wedge  bond  to  alum¬ 
inum  metalization  of  emitter  of  open. 
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TEST  GROUP  NUMBER :  8 


BURN-IN 
TA  =  +125°C 

72  HRG. 


Operating  life  with  loads  por 
MIL-STD-883,  Method  1015,  Cond  D 
TOTAL  Q TY :  86 


ELECTRICAL 


GO  NO-GO  Data  Lo^  Failures 
TOTAL  QTY :  06 

CfTY.  FAIL: 

CffY.  NEU  FAIL: 

s/n'g:  139*,  490.  535* 


REVERGE  BIAS 
BURN-IN 


72  Hours  3+150  C  per  MIL-STD-883, 
Cond.  A,  Method  101 5 
TOTAL  QTY:  86 


ELECTRICAL 


GO  NO-GO 
TOTAL  <3TY.  +25C: 
TOTAL  QFY.  FAIL: 
QP7Y.  NEU  FAIL: 


86 

W 

1  fi.m'S) 


260# .  433* 


y 

S/N  158  -  Series  resistance  drifted 
over  the  maximum  limit  at  25°C. 

ACCELERATION 

Per  MIL-STD-883,  Method  2001 

AXIS 

1*0,000  G;  Y  Axis 

TOTAL  QTY:  86 

TEST  GROUP  NUMBER:  8 


Per  MIL-STD-883,  Method  1014 
Conditions  A  and  C,  S+ep  2 
TOTAL  QTY.  FINE:  86 
QIT.  NEW  FAIL:  ~  (1.16*) 

s/n  ^38  - tLL 


TOTAL  QTY.  GROSS: 
QTY.  NEW  FAIL: 

s/n  338 


86 

I  (l.l6$) 


Data  Log  Failures 
TOTAL  Q'TY.  +25°c: 
QTY.  NEW  FAIL: 
S/N's:  234,  363, 


86 

3  (3.49^) 

4lT 


s/n  s  234,  363  -  Open  gold  wire  wedge 
bond  to  aluminum  metalization  on 
resistor  chip. 

S/N  413  -  Open  gold  wire  ball  bond  to 
aluminum  metalization  on  resistor  chip 
TOTAL  QTY.  -55°c  =  86 
TOTAL  QTY.  FAIL:  7T 

QTY.  NEW  FAIL:  ~ 

S/N's:  Too  many  to  list 
TOTAL  QTY.  +125°:  86 
TOTAL  QTY.  FAIL:  ^ 

OPT.  NEW  FAIL:  2  (2.56^) 

S/N's:  234* ,  290.  3^3*,  413*.  447 
S/N’s  290,  44j  -  Series  resistance0 
drifted  over  maximum  limit  at  +125  C. 


Per  MIL-STD-883,  Method  1012 
TOTAL  QTY.  20 
QTY.  FAIL:  0 


Per  MIL-STD-883,  Method  2009 
TOTAL  QTY:  83 
QTY.  FAIL:  0 


TEST  GROUP  NUMBER:  8 


End  of  Class  "A"  Screening 


TOTAL  FALLOUT  TO  GET  CLASS  "A" 
PARTS: 

PERCENT  FALLOUT  EXCLUDING  INITIAL 
FAILURES  TO  OBTAIN  CLASS  A  PARTS: 

*  15 -M. 


Quality  Conformance  Inspection 
Sample  Size:  3 6 
TOTAL  QTY: 


s/n's:  51,  ^  152.  153,  156.  163. 

1ST,  177,  1«3.  197,  226,  222. 


>1^;  pd;  325,  $3il  534 


Per  MIL-STD-883,  Method  1010,  Cond.C 
10  Cycles  -65°C  to  +lpO°C 
TOTAL  QTY:  36 


o 

48  Hrs.  ©  +125  C  per  MIL-STD-883 
Method  1015,  Condition  A 
TOTAL  QTY:  36 


Data  Log 

TOTAL  QTY :  36 

QTY.  FAIL:  f 

QTY.  NEW  FAILURES:  0 

S/N:  4^0* 
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TEST  GROUP  NUMBER :  8 


ELECTRICAL 


Data  Log 
TOTAL  QTI :  ^6 

Q'TY.  FAIL:  0 


_ 'k _ 

INTERNAL 

VISUAL 


Decap  parts 

Visual  inspection  and  bond  pull 
tests  (l2  vires  pulled  per  part) 

S/N's:  152,  163,  220,  5lfr.  525.  5^1 

TOTAL  QTY:  6 
CffY.  FAIL:  £ 

S/N’s:  1^2,  163,  220,  525,  584 

s/n  152  -  Two  gold  wire  wedge  bonds  going 
to  aluminum  metalization  on  resistor  chip 
broke  at  neckdown  at  0.5  and  1.6  grams, 
respectively. 

S/N  163  -  Two  gold  wire  wedge  bonds  going 
to  aluminum  metalization  on  resistor  chip 
broke  at  neckdown  at  1.8  and  2.0  grams, 
respectively. 

S/N  220  -  Gold  wire  ball  bond  to  aluminum 
metalization  on  resistor  chip  pulled  off 
with  no  force.  Three  gold  wire  wedge  bonds 
going  to  aluminum  metalization  on  resistor 
chip  broke  at  neckdown  at  1.3,  1.5  and  2.0 
grams,  respectively. 

S/N  525  -  Gold  wire  wedge  bond  to  aluminum 
metalization  on  resistor  chip  broke  at 
neckdown  at  0.8  gram. 

S/N  53^  -  Two  gold  wire  wedge  bonds  to 
aluminum  metalization  on  resistor  chip 
broke  at  neckdown  at  0.9  and  1.9  grams, 
respectively. 
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TEST  GROUP  NUMBER:  8 


DISPOS1 
OF  U 

CTION 

yv 

_ J 

t _ 

SCRAP 

qjTY.  SOLD  TO  PRODUCTION:  0 


All  units  fgiled  initiate lectrical 
tests  at  25  C  and/or  -55  C. 

Q'TY.  RELEASED  TO  STOCK:  0 


APPENDIX  IV 


FAILURE  MECHANISM  DETERMINATIONS  BY  TEST  GROUP 


RESULTING  FROM 

INCOMING  INSPECTION,  SCREENING  TESTS,  AND  EPT  TESTS 
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VERIFICATION  PHASE  TEST  RESULTS  -  TEST  GROUP  NO. 
(FAILURE  MECHANISMS) 
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VERIFICATION  PHASE  TEST  RESULTS  -  TEST  GROUP  NO.  2 
(FAILURE  MECHANISMS) 


Q  Incomln8  Inspection  -  6.44#  (n)  fallout 


jt  fail  electrical  at  25°C 
o  fail  electrical  at  -55°C 
1  fail  electrical  at  +125°C 


( 2 )  ClA88  C  Screening  -  5.63#  (9)  fallout 


f*il  Z™8*  hermetic  seal  test 
2  External  lead  missing 

1  Transistor  collector  to  emitter  short 

semiconduct  OT^hip^  t0  alU“inU“  BetaliZatlon 
1  Loose  ceramic  substrate 


@  CUM  B  Screening  (Oper.tlng  Bum-In)  0.61)1  (i)  f,Uout 
1  •  .  — 


1  1“1“8e  CUI”"t  *ncre"e4  the  -w-. 


(^)  C1*M  A  Screening  -  77.5*  (ll6)  fallout 


Q 


70  Pail  hermetic  seal  test 
31  loose  ceramic  substrate 

drooped  down  due  to  Yp  axis  acceleration  and 

£52  tSSSfc.  !K2>“~  «*-  h~™'" 

10  .«£o£mt^hfT  t0  "Ulll,tl0n  - 

6  Package  came  apart 

3  S«rlt°eU  V"i*'  1>0,,d  t0  thick  '“•“'tor  on 

2  External  lead  missing 

1  Pail  diode  leakage  current  maximum  limit 

i  £°8e  ^  t0  th*  external  lead  post 

1  loose  diode  chip 

1  Pail  circuit  leakage  current  maximum  limit  at  +125°C 

80#  (13-; 


Total  Pallout  Including  initial  incoming  tests  - 


V-J  EPT  Test  Results  (30  parts  tested)  -  10#  (3)  failed 
3  Fail  gross  hermetic  seal  test. 
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VERIFICATION  PHASE  TEST  RESULTS  -  TEST  GROUP  NO.  4 
(FAILURE  MECHANISMS) 


Incoming  Inspection  -  1.63^  (5)  Fallout 
5  Fail  electrical  tests  at  -55°C. 

Class  C  Screening  -  6.85$  (2l)  Fallout 

21  Kill  hermetic  seal  teBt. 

I  Offset  voltage  increased  over  maximum  limit. 

Class  B  Screening  (Operating  Burn-In)  1.6L$  (5)  Fallout 

1  Offset  voltage,  series  resistance  and  circuit  leakage  current 
increased  over  the  maximum  limit. 

1  Input  offset  voltage  drifted  over  the  maximum  limit. 

1  Input  currents  increased  over  maximum  limit* 

1  Emitter-base  leads  of  transistor  shorted. 

1  Part  shorted  due  to  loose  metallic  particle. 

Class  A  Screening  -  7*5^  (23)  Fallout 

II  Fail  hermetic  seal  test. 

3  Loose  wedge  bond  to  thick  film  conductor  on  substrate* 

2  Series  resistance  increased  over  the  maximum  limit  at  25  C. 

2  Offset  voltage  and  series  resistance  increased  over  the  maximum 
limit  at  -55°C* 


2  Offset  voltage  and  series  resistance  increased  over  the  maximum 
limit  at  +125°C* 


1  Circuit  leakage  current  increased  over  the  maximum  limit  at  25°C* 

1  Offset  voltage  increased  over  the  maximum  limit  at  25°C* 

1  Open  gold  bell  bond  to  aluminum  metallization  on  transistor  chip. 

EPT  Test  Results  (kO  parts  tested)  -  2*5^  (l)  failed 

1  Bond  pulled  at  2.0  grams  (80  vires  pulled  and  all  other  vires 
passed  2  grams  pull). 
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VERIFICATION  PHASE  TEST  RESULTS  -  TEST  GROUP  NO.  5  (FAILURE  MECHANISMS) 


(T)  Incoming  Inspection  -  1.4#  (7)  Fallout 

2  fail  electrical  at  25°^ 

5  fail  electrical  at  +125°C 

©  Class  C  Screening  -  11.1$  (55)  Fallout 

43  fail  hermetic  seal  test 
5  circuit  leakage  current  increased  over  max.  limit 
2  loose  resistor  chip 

2  series  resistance  increased  over  max.  limit 
2  power  supply  current  lcc"0"  increased  over  maximum  limit 
1  switching  time  increased  over  maximum  limit 

1  scratched  aluminum  metalization  shorting  collector-base  of  transistor 


Class  B  Screening  (Operating  Burn-In)  -  0.23$  (l)  Fallout 

1  failure  caused  by  holes  in  silicon  oxide  under  aluminum  termination 
for  the  nichrome  resistors  causing  them  to  short  through  the  silicon 
substrate . 


(iV^  Class  A  Screening  -  15*8$  (69)  Fallout 


32  fail  hermetic  seal  test 

24  fail,  at  25°c  due  to  40,000  g  acceleration  in  Y2  axis  which  caused 
the  internal  leads  to  droop  and  short.  (These  parts  remained  on 
test  and  the  shorts  went  away  during  40,000  g  acceleration  in  the 
Yi  axis . 

23  series  resistance  increased  over  the  maximum  limit  (25°C) 

16  fail  at  +125°C  due  to  40,000  g  acceleration  in  Yp  axis  which  caused 
the  internal  leads  to  droop  and  short  at  +125°C  but  not  at  25°C  or 
-55°C.  (These  parts  remained  on  test  and  the  shorts  went  away  during 
40,000  g  acceleration,  in  the  Y]_  axis). 

13  series  resistance  slightly  over  maximum  limit  at  +125°C  (marginal  units 
3  loose  resistor  chip 

5  lead  drooping  down  and  shorting  to  thick  film  conductor  on  substrate 
2  circuit  leakage  current  increased  over  the  maximum  limit 
2  loose  gold  ball  bond  to  aluminum  metalization  on  semiconductor  chip 
2  device  channeled  and  destroyed  internal  leads  from  high  leakage  current 
1  power  supply  drain  current  increased  over  the  maximum  limit 
1  package  borke  In  mechanical  shock 
1  lead  shorting  to  edge  of  transistor  chip 

1  Internal  leads  shorting  together 

Total  Fallout  including  Initial  Tests  -  26.5$  (132) 

HPT  Test  Results  (45  parts  tested)  -  6.67$  (3)  failed 

2  fall  gross  hermetic  seal  test 

1  Internal  wedge  bond  pulled  off  at  0.8  gram  (65  wires  pulled) 


283 


VERIFIC 


to  alumnus  Totslimion 


